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THE  DISTINGUISHED  SOVIET  SCIENTIST.  ILTA  ILTflCH  CHERNYAEV 
COMMEMORATION  OF  HIS  SIXTIETH  BIRTHDAY) 

A.  V.  v« 


The  largest  school  in  tfic  world  of  chemlsu  $pe.**allzlr^  Ir.  Irorga'lc  romplexes  vas  c.-eaied  in  Rassla  by 
that  talented  ibissian  scientist  L  A.  Chugaev.  Chugaev  died  young  but  his  students  coctlrue  the  work  that  he 
started;  they  have  developed,  extended  and  consolidated  the  chemistry  of  complex  compouzids  in.  the  service  of 
the  socialist  Fatherland. 

The  outstanding  student  of  L  A.  Chugaev  Is  acadsmL^ian  Hyi  Ilyich  CherTvaev^ho-rnade  many  discover¬ 
ies  and  carried  out  many  investigatlouk  in  the  field  of  comnlex  ccrrpounds  of  the  platiniun  metals.  He  Is 
rightly  regarded  as  one  of  the  creators  of  .'efln.L'g  'e.ihnologv  i:'.  the  Soviet  pte:io«_$  metals  iwiustry  and  has 
tirelessly  exe.ned  himself  logethe*-  with  students  i"  fintheti-g  Its  in’e^sr.  With  the  name  of  I  Chemyaev  Is 
aftociated  tiic  creation  of  a  new  and  advanced  method  fcr  p'’ifl£ition  pUtm;;m  Its  separaUor.  in  the  highest 
degree  of  pi;rliy;he  preparation  of  ptue  osmium,  a  miethod  fo.r  cxt'actlng  platinum  metal*  fcom  poor  ores,  the 
development  of  a  aeries  of  analytical  methods  fo’^  the  very  cempUcated  analysis  of  roble  metals,  ard  the 
soiuuon  of  mary  other  critical  problems  of  the  industry. 

It  is  difficult  to  overestimate  the  tuitfil  activity  of  1  •  Chftrr.vsev  ar.d  h_s  srh.xl  Ir,  the  field  of 
'efi'  'g  of  platinum  and  Us  congenc’s.  Tne  USSR  ’etd:  the  wui’n  extzattim:  and  p.:ocessirig  of  platinum 

O’er  and  the  lechnologv  of  reflmr.g  oi  .meclons  meta’s  ii  tbe.priie  of  ov.  •..our.try.  The  services  of  1. 1.  Cheir-yacv 
arc  m.*  scboci  have  been  recognized  by  the  Govei^jrei.r.  *t  must  b-e  stated  th-it  ihei:  it’'‘.evrr€~ts  wei-e  depe-tde**.* 
or.  'he  previous  extensive  and  penetrati-^g  i''vestigstlci.x  of  cVerr-  s  !v  of  :oir.pl?<  cc-ir  pciids  of  me  precic.s 
mttals. . 


Amorc  the  many  Investigations  ca*  m.Q  cu'  br  I’yi  lyltn.  so*-  *Al  L'-e-fs*  a'.>;r.ts 
of  bi  a-xd  q;adr:va!ent  platrrutn  contatr  j  ’t'r  -g'-.v  o  si-  e  tr**  ■*.  ves'’gj*tc:. :  I?.-}  i; 
of  t*-fe  lav  of  the  trans-effect. 


tr  thC'e:  O'  '.''mPO'  Is 
rVs  dtsr  ir  iD25 


The  trari  effect  law  represeris  ar  iinpc:*-L,'.: 
compcu.nds  based  On  the  systematic  developir  er?  o‘  rbe  if'ris 
'-op'por.ort  pa* IS  of  molecules 


:f  ’ht  ••  theory  o'  tie  si'.,-.' '-..e  of  ^onp}-* 

cf  ’’  Krill' rv'ikov  abo  t  ir  •  ir*._cr  o'  rht 


Although  paying  due  respeettothe  ccjordl-.n.  :•  ro-v  \  .  ’  'e  ••-.r  v  •fcve'.h'^'et  "'''I’oe.  uc  that  1: 
■geometr.cai'  a!«d  lacks  dvramisrn.  Or  the  bss'i  &:  tn  j  •rec  >  i'  U  o’  p  ed'  ..*g  ’’e ' .m pe-  ?r  ocs* 

lb!e  geometrical  configurations  of  a  molft-^ulc  -'t  is  'irp'c,  b’c  *'-  c.  .*.*'  a*  _*  ci'clu.v.o'.t  ato  tee  IrtetAc tic-  o-  the 
ccmpopcrts  of  the  coo'dii-ation  sphere  or.  In  Tiut.,  a*  y  c'^rl-sl.r  t  Aro.t  ».h^  '-ode  cf  sy'*het  ^  of  the  'ds. 


v»o  s 


Wr.er  urvestigattrg  various  platirum  con  tvo-  rds  c-'ac..'.  g  mio  gwups  >  v  r.pe*r  ..ii- 
sabsTitL riot.  :ea<  lion  at  the  linka;yr  of  the  ce/tral  atom  s.Ptf.tt ler.ts  l.  the  tra^s- rx, slclcr  tc  the  rir-c 

g:o..pi  a  result  of  the  study  of  diverse  re*  \-s  of  ,Pii  ilex  c.'.i’-po.  td*.  cf  r’vilfcrt  p’aoL’.n’,  1.  I. 

Cj  erryaev  established  li.at  the  looicrt.ng  a 'd  st.-c.''gtr!':‘.’-*4  the  bond  cf  a  give-  s'-biti*oe.rt  v.:n  the  oe"~»l 
atom  depe.'ds  or  the  natu.*e  cf  ilie  g’cup  o*  atorr  prey  **  m't  ‘•4's--iv’3:-*lo.o,  a-ldi*  gro".  ps  g  a  g.-0-ite.' 

t’a-.s  action  than  neutral  molecules,  furihe:  i*  '  c'  •  lr..-»*'.o.*  w'lh  A.  D.  lyrmso  widened  -_r  Kro-Ie-igf  uf 

the  pheromenor.  In  that  U  was  observed  that  su-*h  ms'.*.  “O  mcm'-ules  is  e J.ylere,  p.opv!f-rc.  rltric  oxiuf  a"i 
carbon  monoxide  are  characterized  by  a  iri.ked  ’r*'i  *.1v  :i  i.n  complex  ccrr.pc.nds  ..t  was  therefore  Lt'e-^cd  chii 
the  fan  "fleet  of  substituents  increases  wun  ;  o’alcnre  *‘1  L-.e  herd. 
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In  respect  of  xr^ae^ilvlty.  Inner-sphcr#  substituents  4ie  «a«ngcd  iP  followiijg  approxlirate  ordei. 

I^S>NC^>  l>Br>a>F>OH>  R>IH|>NH,>  l%0 

Examination  by  I  I  Chemyacv  of  taper-sphere  reactions  of  such  well-lnvestlfiaied  complex  compounds  as 
compourd*  of  ccbalt  and  chromium  showed  that  the  positions  of  ir.aximunr  ^tlvity  are  arrange  In  t  e  iier 
5phe!t  in  iccordMc.  with  the  pilticlple  of  the  uens-effect  I  I  »Ilo  eeplelnei  the  exclunge  re.ctloii  of  nonelcc- 
trolytes.  discovered  by  him,  on  the  basis  of  the  caiiKffcct: 


NH, 

Pi  I  ♦ 

NC^  NH,. 


fWH,  a  1 

I  Pt 

LCI  NH,. 


TNH,  Cl  T 

2  PI  *1 

•LnC^  NH,i 


The  els-  and  trans-  forms  of  platinum  compounds  can  be  traced  to  a  single  cause  on  theiiasaDf  she  trans- 
effect  Indeed,  the  formation  of  cis-diammtaes  from  acido  complexes  by  reaction  with  amroinet; 


1 

rX  Am-l 

j  ♦  Am  — 

^  i 

- 

lX  AmJ 

*  MeX 


(cis-form) 


a^'d  the  formai’on  of  tranf-dummmes  from  letiammines  by  the  action  of  acids. 


r  Am 

Am"' 

Am 

X  ^ 

Pt 

Xj  -r  HX - ► 

.  Pi 

♦  Am  HX 

• 

_  Am 

Am. 

-  X 

Am. 

(iraiis-form) 

become  f  omprehcnstble  if  we  take  the  trans  effect  into  account 

The  formaum  of  a  ci:  d  iarrmiiie  [(AmX),  Pi]  naturally  proceeds  through  the  forrration  of  the  :T;on 


amiPine 


-  X  X  _ 


2  -  X  X  3 

Pt 

1  -  X  Am-.  1 


I'lt-  ar:d  s  hstiT'jents  Thisiticns  1  and  "  in  this  monoainrr.ine  being  inui'ially  lahMe  whereas  the  s >h'’';t„ef't 
1  i*>Sit:ori  2  in  a  riiort  stable  four  $x..cc  ii  is  located  oppos!ie  lo  a  trans  influeric irvg  aftimi'e  g'C‘iip  Due  to 
th  s  lilt  reacticn  of  fur!.,e’  Substifiiio'’  b\  the  ainaiine  rjiitst  proceed  at  positions  1  or  3  which  a'c  i.oippleiely 
e ..i^.salent  and  truit  lead  to  a  diamniu.t  with  ttaiu-configuration 

Tilt  scry  firs  stage  !•'  the  action  of  an  ids  or  tenammines  of  bivalent  platinum  is  the  foiii,aii'.>n  of  the 
t'  amm’/'c  (A)  >n  ti.  s  molerule  the  mofl  labile 

1  **  Am  Am  .3 

Pt 

2  „ Am  X  _  4 

(A) 

airniiJie  is  the  group  ui  position  1  since  it  lsexp<>^ed  to  the  nans  effect  of  tlie  acid  group  and  ihcrefort  'he 
fu  ther  action  of  acid  cavits  sob^’neticri  of  this  very  amirine  and  this  leads  to  forrration  of  a  trans- artim'rt' 
Thus  the  uan.-effeci  pnnided  a  >iniform  explanation  of  the  long-known  empirical  els-  and  nans  law 


Guided  by  the  discovery  of  the  piisciple  a*d  pmiu'ng  the  aim  of  preclie  deterro'sAtlon  of  the  pUce  of 
reaction  of  the  substituent  In  the  Inner  sphce  of  the  complex  compound.  L  Cherr.yeev  synthesized  trlemmittes 
»ith  th^eneral  formua  [A,A,A,NO,Pi]X  He  succeeded  In  obtain ing  the  compound  [Py  •  NHg  •  NHgOH  •  NO^PijX 
'In^ee  geometrically  isomeric  torms. 

For  the  compound  [C(H4  (NH|)|  •  NHjCl!!tNC\Pt]X  the  cooniinatlon  theory  predicts  six  Isomers.  The  syn¬ 
thesis  of  these  six  compounds,  if  attempted  at  random,  wotld  requ.'je  an  enormous  period  of  time  and  might  not 
even  be  successful  L  !.  Chernyaev  synthesized  five  out  oj  the  six  possible  geometrical  Isomera 

i  I.  Chernyaev  and  his  pupils  carried  out  a  series  of  Ir.vestlgatiO’s  of  the  optica]  activity  of  complex 
compounds  of  tetiavalent  platinum  arising  out  of  thw.r  molecula'  asymr^cL'y.  A  series  of  compounds  of  these 
types  was  resolved  into  their  optical  antipodes  with  the  aim  of  coc.flrmi.''4  the  correrfess  of  the  configura¬ 
tion  attributed  to  the  tetrammLnes  and  trlammlnes  of  quadrlva)e-?i  platir..rc.  Tnis  wis  ro  light  task.  The 
actual  synthesis  of  the  racemates  of  these  compounds  was  orly  posa'ble  by  utHiz^^-tiac  of  the  Uw  of  the  cant- 
effect. 

Illustrative  of  the  fruitfulness  of  the  appllcatlot  of  the  ira.ns-effect  is  the  large  number  of  IJSSR  publi- 
catlons  on  the  syn.M3esis  of  complex  enmpoinds  of  variD  .s  metals  ard  in  pa-tic  ula'  of  complex  compounds  of  iireuU 
of  the  platinum  ST'Oup. 

What  is  the  precise  phys'eal  slgrif:ca»'ce  of  the  phe’’ome:?oi  cf  U'e  tre.acffecit  is  ir  characteristic 
o-ly  of  ccr- pounds  with  a  coo:d:.nauoc  struct  re  or  has  it  a  mo  e  gerc-a!  sg-  fjca’uel  's  the  trans-effect 
pec  alia:  to  compounds  ir,  the  crysullire  fiate.or  is  it  rhe  co'-  seque-ce  cf  ir  tc-act'cn  w.'ih  «  solvent, since  the 
t'acs-effeci  is  almoa  invariably  associated  with  reactioris  ir  sol.tiens  aid  p:edom.lrjr,ily  n.  water!  rone  of 
these  problems  has  yet  been  fully  solved. 

in  the  fha  years  following  Its  discovery,  the  authcr  of  the  trans-effect  explained  it  the  basis  of  the  Wnmer 
hypothesis  of  •pass've  rersance*  developed  ‘r.  the  ir.-e:  spbe  •  of  the  complex  compo.rd  A'd  siab'Jizir.g  this 
sphere.  Acco-dlrg  to  i.  1  Chernyaev,  th*s  *pass.  ve  '•es  su*.ce*  posse-s.-g  rot  o~iy  magnii-tude;  but  also  d  jecuoo  fs 
corcentrated  ir.  that  part  of  the  sphe-e  whe-e  the  ac'o  s-bsiit^e  t 's  most  f'rmly  horded  to  the  central  atom,  so 
that  the  'pass've  rea_starce*  is  d’rr*nlshed  t  the  opocsite  s'de  of  the  sphe  e  ’.e,  i’  the  trarrs  pos'lior  to  the 
ac'd  substituent,  with  consequer.i  loosening  of  the  bovd  w'tb  tr.e  cectral  atom. 

A.  A  Gr}-J>erg  a-d  B.  V.  Nekrasov  made  Imost  simulta'-eojs  attempts  a:  a  phvscal  treatmett  of  the  Crans- 
effect  They  'c-gard  the  trans-effect  as  a  spec-al  c>se  of  'o-,  te-pciarizatlcE.  *isoc  .i*ed  .r»  the  case  of  different¬ 
ly  cha-acierrzed  and  diffeicntly  polarized  substituems  with  an.sotropy  of  t-,e  f  ?ild  the  cerfal  atom  c’eating 
favo'able  ccodiuorj  for  lability  of  the  subrtituen*.  located  '  the  fans  Dos.t  c"  to  tne  v;b;t.t*.env  wtb  tne  highest 
poU'  zatiofi  There  a-e  a  senes  of  objeci'ons,  how* vi:.  to  tn  •  rt  at:re"t  s  "ct  ;t  iTskes  ass.mm  o's  do  rot 
always  accord  w;t.h  the  tacts. 


At  the  present  time,  i.  I  Che-nyaev  rega'ds  the  t*'»' s  e'^fe:  *  as  t.'  in'C’  so^c'e  'itslys  s  w'th  the  eiectnji^s 
playu'g  a  dL*ecf.ve  part  He  att'’jrutes  ifiC  tta's  t^^ect  to  all  itoms  rro  ec  .lc-:.  »'C  eiect'O's  w’thb.t  excep 
tior.  n  complex  coinpcund:  the  central  atom  also  possesses  ■%  ra's  effect,  *  T'^e  "ve  s»’,*y  cf  the  i'a*,$ 
effect*  writes  Chernyaev  •-  ‘’requires  that  me  cert'al  atom  sDO.ld  ils*  p'.s>e>s  rr-e  Si.me  c»t.»i»t..;.  bo'.d  asexsts 
between  the  atoms  of  the  molecules  linked  ic  :f 

It  compound  (E)  not  only  does  the  nriro  g'O.p  -e'.de*  lab  ’.e  the  oppes  »e 
n'”l'libord  but  the  ranseffcet  of  the  plar.'um  atom  leads  to  lafcj'zat  on  of  tne 
**~f^bord  and  to  equiponderant  detachment  of  a  p  cin'  f  om  amm?*  ^  ard  t:».'s 
ic'matior.  of  the  ammonia  Into  a"  ajri'’o  gm.p 

RSHj  ZrZ  RliH;”  ir 


This  p.henomenor.  observed  by  >  leve  a-d  late:  by  Ci'igaev  tte  Pn.t- 
inum  pertammmes,  also  cbsc'ved  by  C.berryaev  in  a  ser  es  of  othc*  ami-o 

compounds  of  quadriiiAlaBt  platinumi  and  ir  hydroxylarnmc  c.om:po-,.'Cs  of  bv-ale**  p.*t.'.m,  p.pli  of u 
Chernyaev  also  observed  it  in  aceioxlme  compou'ds  of  bivale't  platir-m . 
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The  *quo4jy<lfoxo-  reaction*  RF^C  :  ROH  "  ♦  .  which  are  known  not  only  In  the  c*ie  of 

co:npIex  compnoa^  of  metals  of  the  plaiimun  eroup,  but  ale  In  that  of" «coni pound*  of  chromium  and  cobalt, 
must  in  Cher??yaev  lopLnlon  be  expUcable  alio  on  tlic  bals  of  the  tranKflect  of  the  central  atoni.  Even  If 
the  amtno  leactlon  atd  the  hydroxo  reaction  do  not  always  take  place  In  preKnce  of  amines  and  water  !a  the 
I'mer  sphere  of  the  oomple*  compound,  ihl*  can  be  explained  not  by  the  abKitce  of  the  trans”effact  of  the 
cctitial  atom  but  possibly  by  the  geometrical  arrangement  of  the  components  of  the  molecule  which  la 
s-ch  as  to  protect  the  hydrogen  of  the  water  and  amines  against  the  trans<ffecL  Al»  illustrative  of  the 
trans-effect  of  the  certral  atom,  in  Chetnyaev's opinion,  Is  tlie  behavior  of  the  oxygen  In  the  nltro  group 
of  complex  compounds,  for  example,  ui  Being  subject  to  the  trans-<ffeci  of  the  platinum. 

It  is  more  labile  than  the  oxygen  in  the  free  NC^"  loOf  and  that  Is  why  the  nitro  group  In  complex  compounds 
is  also  reduced  by  bydiegen  to  the  amino  group,  whije  heating  of  complex  compounds  containing  a  nltro 
gmup  With  ammonium  chloride  leads  to  the  reaction  of  N.  M,  Zinin; 

RN£\  ♦  KH*a  — ►  «C1  ♦  14  ♦  H|£> 

I  L  Chemyaev  regard*  the  trans-effect  as  a  general  principle  which  also  accounts  for  the  limited  magni- 
tildes  of  the  coordl'taxlon  number  and  the  dlif^euce  in  the  ht-havior  of  the  inneir-spihere  and  ouicr^ sphere  group*, 
tonccrnlrg  tie  iaiter  the  author  of  the  tiaos-cffeci  wrues-  ^  since  the  effect  of  the  central  atom  is  to  cause 
weakcni’ig  of  the  cxistir’g  chemical  bonds  in  the  combined  molecule,  this  can  make  all  lire  more  unpossiblc 
the  formaoion  of  chains  from  the  molecules  linked  to  the  cennai  atom*. 

All  this  however  is  a  lorg  way  from  revealing  the  true  nature  of  such  a  remarkable  phenorrtenor.  as 
the  Dans-efjeci,  Ji  is  only  perfectly  clerr*,  writes  Chemyaev  in  one  of  his  papers,  ‘  that  in  the  field  of 
the  chemistry  of  complex  compounds,  the  jvinclple  of  tire  irans-effect  Is  that  expression  of  a  unif'cd  law  of 
mieractio''  of  the  atoirs  cor.smutmga  molecule  whose  clarification  for  carbon  compeuuds  was  the  d.'eam  of 
V  V  Matkovnikov'’. 


the  discovery  exprressen  and  application  of  the  law  of  the  trans-effect,  L  L  Chernyaev  received  the 
Su’ir.  Prize  First  tSass  in  1&12. 


r^eaded  by  Acauemuiianl  Chernyaev,  the*N.  S,  Kurnakov  Institue  of  General  aid  inorganic  Chemistry 
of  th-:-  Academy  of  Fciencesof  tlie  L’SSRIias  carried  out  irvestigai-ons  ever  a  wide  front  on  urpxartai't  p  cblems  of 
physicochemtcaj  ar,alysis  complex  compounds  ap,d  the  chemistry  cf  metals  and  salts. 


i^det  the  direct  supervision  of  1  L  Chemyat-v,  the  Piatmum  Section,  apart  from  cliemlcal  L'’ves’gation* 
cf  complex  compounds,  is  stjdying  their  physicochemical  and  physical  properties,  electric,  magneur  spectral. 
C'vital  chemical  tiarrmochemlral.  etc  ,  s  kiiowledge  of  which  is  necessary  for  clarification  cf  'he  ^a'a'e  of  the 
trans-effect  and  Us  :^uantitative  characterization  The  application  of  a  dojninatlng  ttka  if»  these  ‘.nvesr-..^ lions 
•i  an  advartage  to  the  Soviet  school  of  complex  clieintiiry  which  is  not  shared  by  foreign  workers 


Vvesttgaicis  who  are  wctklAg  on  the  above mcniioned  prcblems  of  complex  compounds  in  the  labo*- 
aio'ies  of  ihe’'s:;:';tc  of  Gt  r.eral  and  ’norgsrjc  Chemistry  of  tlie  Academy  of  Sciences  of  the  I'SSRarc  also 
so.vir.g  important  ptacUcai  p'^blciojiticollaboratlou  with  industry. 


1  weny  year*  ago.  at  theatsuo,!  of  ihe  Academy  of  Sciences  of  the  USSR  devoted  to  problCi-rs  of  ihe 
-  :&;-?< 'zata?  I  .  Ch:  tryatv  said<  *■  We  n'-ua  hope  that  Lhc  fusion  ol  tlieo'y  practice  'ji  the  will 

itad  us  lo  mascry  over  maitrialr  on  a  scale  uudreanjed  by  the  greatest  enthurasti 

UV“  Uidcli  CJsctryaev  rt;al.tzcd  this  bnion  of  theory  and  practice  throeghoui  the  whole  of  hJ*  se'er- 
acCviiy  iisi  hiSijxutviry  a"  direciot  of  the  tnsuiuie. 


Btev:  ved  .  iOtiary  u,  1^-3 


\ 
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THE  THERMOCHEJ^ISTay  OF  C  Tj?»A  VMO.KIOM  COMPLEXES  IN 
AQUEOTTS  SOH>TION 


y *t ilir l! tr.d  Z.  M,  Gstfova 


The  CBiVSuiinonluin  ccrep^cx  cop:po;^r!jd s  hive  beer,  ^he  s;ibject  c(  irm.y  L&ve&t.*^itLons.  Tbeae  compousds 
AS  we  knew,  fl&d  extensive  jraetlcAl  if«:;j<e.''.s  bi.v.«  liie  eq’-^ilb:ia  1^.  Aqueous  soIuUshu 

of  cuprammonlua)  compfexes  fl.  2,  3.  i  These  v..%i.’es  tAve  revea'^edt^-e  of  cupfemmoniiun 

comi^exes,  have  demonstrated  the  eepwlse  chjij^cfe:  of  the  corrp'ei'^o.'.rt.atic.Tv  ai_d  have  e?>ahled  calctilatin?  of 
the  instability  constants  of  a  se.ries  of  :irs  r?:  the  tif<e  .of  C.v  (’^=^1,2  3,  4,  5  ). 

In  respect  to  their  tbermoebemiscy,  ibese  coirpiex  cxjmpou.f’ds  nave  clearly  not  bee.n  adequately  invest- 

tlgated. 

About  50  years  ago,  Boozat  [4]  c-etP’mine'i  th.p  heals  cf  oi'jf'.'g  cf  aq-ie'- j  io  .‘itlors  of  aarrooria  ard 
copper  sulfate.  Experiirents  were  ue:fo:rred  at  tsrrpe'atures  o:  lt>13 '  C;  the  data  obta  .ned  relate  to  a  nanow 
range  of  ammoiua  concentzatlons  (0.5  to  IM). 

(Julie  recently,  Fyfe  [5]  detern:i;i:.ed  the  he  si  c'  cf  s  1  U  srlHiior  of  amr.nla  with  a  ooppet  salt 

solution  at  temperatures  of  14-17‘  and  obuired  a  value  close  to  tiAt  f-sitii  by  ScuzaL 

It  may  be  pointed  out  that  Fyfe  e.'TOzw^^s*'*  regards  this  vsloe  ai  the  heat  cf  fa^'inaticn  of  Cc  (NHr)!^ 
fro.Ti  the  copper  .lor  ai^d  aqueous  an’rror.:a.  Acti  al'y  a  i  M.  soVvtlci.  o-  amrro-.  j.  crly  co'taTa  7'’^  of  ti^ 
copper  in  the  form  of  CufNHj^  [61.  the  re-r ai'irg  23%  the  form  o:  Cr.  • 

Data  for  more  co.nceruated  sokriosi  cf  £r-  rn~:'jj  ;:e  iac^jcg  Lr  ttre  i'Te.*.*-.*r.re.  7r.erc  are  r.cdata  that 
peiinit  evaluation  of  the  possibility  of  fotma’h;''  of  mixc  i  f  xes  of  che  r»oe  cf  • 

however,  the  probability  of  foirE^ilan  cf  a.cii  .r  ornt’eves  is  extremely  K'^c,  s-rve  complex  ivva  cf  the  type  of 
and  Cu(OH^"“  are  d Lstlr,gci sr.ed  by  g'ear.  suhidi  y  [li 

EXH^k  Mt' TC.L 


The  previously  described  appafatus  4>-or>'d  ■  ‘•[Pj  we'e  u'ed  tof.ietr’rr  the  ^  i:"i»i.g  ef 

a  soiuijan  of  copper  sulfate  with  scloiiocs  of  anrric.-i.^.  il'J.  »]v:'  of  s.  of  optammovi  r-  .'cmn'e  irs  wirn 

solunopA  of  caustic  al>AlL 


In  the  flrsi  serres  of  experimer.'s  v-  rin- w?, 
t’itiQTis  (from  0  5  to  G,9  M.).  0-ie  i/d  t;.iv  s-r-e  ■  n:  ’i  - 
eypfinments  The  wcjghl  of  the  I'^st  so'  *•  r.'  '•>  .c  • 


sr,'.  \r:\  ci  rf  ••^r.  e*— 

.  I//-”  oO''  ■>■  *1  1'  a  •'.<* 


A  0  304  M  copper  solf*lc  si.l'j'J/.'t  .r'-<r  .r,-.  y  .  r-i »  at. r »  the  e.r;..  ■ 

g'avurefic  method)  was  pOw.’ed  u  ro  amfo  .-tj  >  v*-  ii;  is  r  u  '  h,'.n  .  *.«;  jf  c  '.pryi'  :  .-'r:  •», 

dereimlned  on  an  aralytlcal  biiar.ct  »  T1 :r  '  -* .  :  ■  '  '.'i''  tr--'  riiC  hr-' 'nr  ihvj.d  «r.,a 

crushed  agalnjeihe  I'de  wall  of  t:*;  1*^*,^'  «.c..r.  “  >•  ’i--."--  c'  4.  •  •  'c*  u-«‘x-r  l.  > 


v’ew  of  the  fact  that  the  dora  lon  ''i  'V  ..  ; '  .  •,-.  -  -  : 

found  by  a  g^aph.’ral  method.  The  vi  i-  .isr.b'  -  '-i  v  t'.m 
defirute  weight  of  cbem’xrally  u_‘e  ex''.  -  ...i  rij  •  '.:er  .y^,  •  u  6;> 


.•.i  '-'ti-’  . 4-  'ccv*'."''  i> 

»■-.<,  '■  1  f  C'b  i.'-t  ‘'C.?)  0*  S.li'iT.'Jl’-  C'"  A 

U.  '>  ■<■14. 


Tlie  lieai  cai^cily  of  aqioi'*.;'  so:  ...in;':;  c*  srirr':  v  .*r  'i-M. 

who  found  that  over  the  whole  ra-Cgt;  ci  cc.tst.e’^i.rf;;.-  :s  .m  'c...  T*iri»v 
vartaiions  In  the  third  declrnal  plaee.  He  tv  .>,v 


.f.c  t  v.  • 

t-  ’Ji  .  wjt.n  t 

uC’e  v.r.v. qr.^r-iv  fonrvired  [iCll 


Iniroductlpn  lnu»  the  soluiir.r  of  rri-  .  t-  <  rr-  0:  ‘  .v v.:: 
rot  exceed  0.004  M)  could  raoi  appfccitn'v  nr  Arg-  ..'.c  .h‘*i  •;  cf  the  s-lurv. 

In  all  cases  that  the  heat  capacity  of  r.nc  rrciu’cri  .r  i  *;.  *'T,r*r.  T.''<'  ncvi»i 


:U'>  .4‘'is  C!  *  die 

<.'}i  we  av‘uip»ed 

r  of  twee.^  rwitiiicl  e>re.i- 


f 

t 


«mcms  did  not  eiceed  .♦  3^.  A  sammwy  of  the  resulu  obuined  U  given  la  Table  1. 


TaFLE  1 

Heat  of  mljilng  of  solutions  of  copper  b.lfate  with  lol^tlons  of  anunonl* 


Prep 

No 

Ainmor- 

‘A  cone 
(moles/T.) 

Amt.  of 

cooper 

w 

Temp, 
charge 
with  rad  ' 

ution 

cotrec 

tlDtl 

Radu- 

tfon  cor- 

reci'jO'i 

_  J 

Heat  capa¬ 
city  of  cal¬ 
orimeter  (1*1 
kcal) 

Heat  of 
mutng 
(lA  kcal 
per  mole 
Cu) 

Mear  value 
ot  A  H  (la 
Jtcal) 

. 

1 

0^5 

0.1342 

0.0676 

0.0016 

5^.9 

Ifi.s"”' 

^  -18.5 

2 

1.0 

0.1149 

0  0662 

0.0009 

5614 

21.0 

J  -20.7 

0  1328 

0.0732 

0.0028 

662.7 

20.4 

3 

2  0 

0  1290 

0.0826 

0.0005 

560.9 

23.4 

L 

t  -23.3 
' 

10.1146 

0.0736 

0.0010 

557.2 

23.2 

4 

3  8 

0  1216 

0,0894 

0.0005 

552.6 

26.5 

> 

)  -26.8 
r 

0.1294 

0.0992 

.  0.0014 

652.7 

27.1 

6 

4.S 

0  1075 

0.0846 

0.0015 

550.6 

28.0 

-28.0 

0.1442 

0  1232 

o.eo48 

542.2 

30.1 

! 

6 

6  9 

0  1342 

0.1174 

O.C067 

540.8 

30.6 

'•  -30.2 

0  1051 

0  0908 

0.0U30 

539.3 

30.1 

• 

Ir  a  secj'-d  «  of  expe^upems  the  caior.’jpetric  liquid  was  a  solutio'’  of  a  cup*amO''^rr  co-polex  ta 
anTT.?-  a  Tlv.-  co''ce'‘t.!3i.on  of  arrsiro’^ia  ir.  all  cases  was  0  68  M  bui  the  concc'^tiat’.o.i  cl  the  cuptair.- 

rro  i  i,rT>  cprrple*  -is  va  :ec  f'Oir  0  00160  to  0  00573  M,  A  4  N  solwt'on  of  '.aCHwas  Do-.*ed  Leto  airpo'.les. 

The  weight  cf  tne  ^zO'r*  sclot’on  was  dete* mined  on  an  a’lalytica.i  balance  After  a  wi'ifo'ir  lempe-a- 
I'lie  p'ad.ei*.  r.ad  bee'"  estibl^ned  the  ampoule  ''■oi  crushed.  All  ir:eas.**ements  and  calcvUt'o^s  -e-e  per- 
fo  med  iS  tne  f  rsr  series  cf  experiments. 

.n  pcTn  e/pe'imeeis  »  was  Established  that  on  crushing  a’  airpo-.tje  cor.tat"_fg  slual  sol,-?  -nn 
0  C8  h'  •imn.onca  -e  teniperatu’e  r  ha'^-ge  was  observed  and  ir,e*efo<e  the  abso.*pt.O£i  of  l>e»t  .'s  boi-^d  CD 
wtr  -eact  o-.  betweer  trie  cvp'imiror.ujm  complex  a^d  the  alt>alu  Expc'*ment4l  ’esjl'.s  a’e  set  Ov'  T?blt  2. 

evaluation  of  results 

The  heats  of  rr.xv-c  of  solutions  of  cop;jer  talTs  arid  aipiTiO'”a  at  •elailvcly  low  cof'cef-i’iit:cn  oi 
ammor  a  (0612  K';  were  deTe-mlr»ed  by  8ouzat  4^4]  and  os  The  values  tha»  we  obU'red  noTw  ihsU'd‘..’'g 
t!ie  d  ffc'eri  ex:x:*i..Tcntal  temperituie  sobr^rtully  agreed  with  tl>ose  of  Bouzat.  With  'j(C.'e*s‘.rjg  iimno’’ia 
co'.re'tratto'*  t.ne  neats  of  m.x  "'g'lsc  vety  considerably. 

CV;  corroi’  '■•g  U»e  'es.l’s  w’lh  aj'  data  fo'  n'xKcl  salts  we  see  that  at  lov  ammon‘a  conccM'-it'O’ s 
the  r»c  >is  of  fo'mit  on  of  coD'ammonium  complexes  in  aqueoi.is  solution  only  sltghily  exceed  .m  absolute  value 
f.itc  f-eats  cf  to’0  at  o"  cf  n’.cl'ci  amn'Onium  corn  plexes  [81 

Sha’p  d  tfe’efccs  heats  of  mixing  are  observed  at  high  ammonia  concent»«tfO’s  (see  dtagran*).  In 
the  case  of  forira’top  of  ciipr^iDmontuiP  complexes  the  value  of  the  heat  cf  mixing  docs  not  tend  to 
app'o.ich  f  y  defm'tc  value  but  continuously  rises  This  coune  of  the  curve  may  be  explained  b>  the  (act 
tr.3' s  oe  b\  see  w.C:  the  Cu(NJ-'j)J  complex  there  u  formed  in  solution  the  complex  ,’X'n  cf  Cu  (*‘*f>i**  ’ 
whim  >s  not  characterized  by  special  stability.  ^ 
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tables 

Kelts  of  Mixing  of  Solutions  of  Otprimmonium  Coir.p'ex  wltii  AKUill  Solution 


Mem  vilne 
of  ^ 


According  to  Bjerrum  the  equilibrian  cc.’iitanr 
of  the  rciction  Cu(Nl%)5^  +  NHj  is  0.3  J 

sequenily  even  in  7  M  ammonia  solution  i.here  is  r»eseft 
32^  CufNH,)^'’’  and  C8%  Cu(NH,)i'*’. 


Another  conspicuous  featurs  1*  the  mar>ed  d.*ife.  e'ce 
between  the  heals  of  formation  (from  thec.)cpc:  ior,  t'A 
ammonia  in  aqueous  solution)  of  the  complex  icta  of 
Cu(NKj)^^  and.  Cu(NKj)2*  .  Whereas  for  fbe  fomer  :.oa 
A  H  >-19  kcal,  for  the  second  U  is  -30  kc*L  Add;.* 
tlon  of  the  fifth  molecule  of  aromonu  to  the  tetTAmm?j&e 
complex  U  accompanied  by  an  extremely  li’ge  ^le'^mal 
effect  (a  H<11  kcal)  There  u  no  pa’-Allel'am  betwesi? 
the  successiveheatsof  addition  of  molecules  of  4ir,Tnr.-’ls 
ar^  the  change  of  standard' thennodyriamlc  poi£r>t>L 
Furiltermore.  an  inverse  dependence  is  observed  L? 
the  formation  of  ammoniacal  complexes  of  cop¬ 
per  and  nickel:  tlie  relative  stability  of  tl^e  sjcc-^sv've'.y 
formed  complexes  diminishes,  but  the  successive  r.eats 
of  addition  of  ammonia  molecules  rise  in  atsoisj<.e  val..e. 


imtun  .*i^S  (•*'olfi/l) 


Consequently,  the  change  of  ent'cpy 
addition  of  ammonia  molecules  does  not  rein'.: 
but  continuously  diminishes. 

The  cKTcurrenccof  a  considerable  itte'ir  a’ 
o^a  cuprammoruutr  complex  is  evidence 
of  a  mixed  hydroxo-ammono-  complex  Tne  v  » 
of  cuprammonlum  complex.  Formation  of  tne  m 
heat  and.  consequently,  by  an  increase  of  cnc'opv 


'  SO'--t.'X»ns  of  Ca‘ot!C  >5  til-  wLi'r,  W 

1*.  :r*c  sy.<3err  wr.ici«  ::  »qs  ro  .'oui  **  av 
i  reirt.'s  co^£i*(A  v>lUi  cor.:f /. 

crmp'ex  Is  vcroinp^ni-ed  by  aovo'^prio^ 


1  TiiC  heats  nf  mixing  of  soluilO'i 
of  concentrations  (from  0.5  to  6.9  M). 

2.  The  heal  of  mixing  of  solutions 
were  determined. 


*•  «. .  .Vjj'i.'  oi  c •/Oi.iir  iro’^ UiiD  comnle* 


[1]  D.  Konoialov  .  J.  Russ.  Phys  Ci'et*'.  v. 
P]  J.  Bjerrum,  C.  A  .  35.  6527  (1941). 


Wl.  of  aol 
utlon  (g) 

•  Concentra-  Temp,  change  Ca:‘recL*i3JV  Heat  capaci- 
tionofeu*  with  correction  fa  .radia-  city  of  calotl- 
prammonlun  for  ladlatloit.  tios  meter  (cal) 

complex  la 
solution 

(molet/ller)  . 

Heat  of  mix¬ 
ing  (kcal/ 
mole) 

5.7816 

0.00160  -0.0070 

0.0009  j658.3 

”^3'.^ 

5.7934 

0.00306  -0.0122 

0.0002  1558.3 

-  2.93 

5.7952 

0.00573  -0.0121 

0.0009  {559.3 

-3.00 

[g  R  SuckeltKS.’fc  a  Fieyhold,  Z.  Elektiochem 4C,  12C(1940).  ^ 
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PHYSICOCHEMICAL  ANALYSIS  OF  THE  BINARY  SYSTEMS  OF  UREA 
AND  ALIPHATIC  ACIDS 
N.  Z.  Rudenko  ted  D.  E.  Dlonls^CT 


The  nlin  the  present  Investigation  was  the  clailflcatlon  of  the  nature  of  the  reaction  between  area 
and  ac«lSc»  iMltyxtc  **><1  chlorcacetlc  acids  In  the  liquid  phase.  Thecholcc  cf  components  was  dictated  by 
the  desire  to  determine  the  effect  of  chain  leiigh  and  of  lnt!oductlDP  of  elect''oneg&ilve  substituents  on  the 
character  of  the  reaction  with  urea.  Moreover,  a  study  of  systems  of  urea  with  aliphatic  acids  Is  Inteiestins 
In  that  urea  Is  one  of  the  most  Important  products  of  nitrogen  metabolism  ir,  the  animal  organism,  and  in 
that  during  digestion  the  fats  are  broken  down  Into  their  components,  the  fatty  acids  oiuiergolng  further 
breakdown  with  formation  of  lower  acids. 

We  studied  the  density,  viscosity  and  electric  conductivity  at  three  temperatures.  The  procedure  was 
as  ineviously  described  [IX 

The  viscosity  was  expressed  in  centlpoises,  the  concectratlpr  In  raole-^ 

The  system  urea-acetic  acid  has  been  often  investigated  by  tl«  fusibility  method  p-bX  All  the 
mestigators  quite  definitely  established  the  presence  in  the  system  of  the  compound  CO(N*H4),  •  2CH^OOH. 
which  dissociates  considerably  even  at  the  melting  point. 

The  acetic  acid  used  In  this  work  had  m.  p.  16.6*  after  purification  by  fceezing:  the  urea  had  m.p.  132.7* 
after  repeated  crysrallization  from  water. 

Viscosity,  density  and  electric  conductivity  were  studied  at  8C».  90,  and  100*.  j  the  system  coniainitig 
more  than  70  mole-f(b  mea,  appreciable  decomposition  w-th  loss  cf  ca’-bor.  dioxide  occurred  even  at  100*. 

In  Fig  1  Is  plotted  the  dependence  of  viscosity  oo  'joncentrat'jon.  The  viscosity  isotherms  of  the 
system  are  curves  slightly  convex  to  the  axis  of  c once ntrai lor  The  dependence  of  vlscos.i:y  or*  temperature 
decreases  with  increasing  concentration  of  acetic  ac,'d. 

The  curvu  of  density  versus  concenaatlon  (Figure  2)  a:e  sligh'Jy  convex  to  the  axis  of  composition. 


29 


’f'g  3  conalTis  plots  of 
electric  conductivity  (cor.-.ected  for 
de-sity)  versc'i  composition  These 
c  vves  are  s'cnlla’’  to  those  of  the 
snec'iic  electric  ccnducilvlty.  ex¬ 
cept  tnai  ♦bey  a:c  rre-e  convex  to 
the  sx'.s  of  conceiuratlon. 

We  o^lv  gjve  the  'soiherips  of  elecl'O- 
^o'd^erttry  'to'm.cied  fo-  viscoslrv  (  ti»v) 

f'ss. irnt-jo>  that,  with  ail  tner  defects 
sxr  'sorrcir*  a'e  mcrereliible  cEie’i*  of 
the  p  O' esses  UKing  pi  fee  Ir  the  system 
I'un  spec-fic  electric  conductivity  curves. 


F.g  1  Viscosity  of  the  system  urea-  F  g  Spec  f'x  g’4v,..ty  of  spec-fx  electric  conductivity  cu 

acetic  acid.  the  system  e’ea  accL'c  ac'd 

Sys’em  vrea  butyric  acid  h*$  been 
stidxd  by  toe  f.,s‘on  method  by  A.  G. 

Bergman  and  M.  N  Kuznetsova  p>X  They  established  th*^  sr-itTce  ci  therrXf*.  .^action. 

Chemically  pure  butyric  acid  was  used,  ’i  wis  a*  e i  f  s  pe  “.od  ove  aibydioos  coppe»  sulfate  and  then 
distilled  three  times  with  a  dephlcgmator.  B  p  197.6*  at  764  fn^n. 
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The  viscos^y.  der.sity  And  eleriric  conductivity  were  meAsured  At  teinperAtu'CS  of  110  li.0,  a*,  d 
135“  K'jjfrores  contAirirg  more  than  80  mole-  ^  it'd  decomposed  even  at  120*  with  evolution  of  fA.rbot 
d  oxide 


j"  figure  4  1*  plotted  the  depetiden<'e  of  viscoiUy  on  concentration  of  components.  The  vlscc^.liy 
lsothe*m$  are  slightly  convex  to  the  axis  of  composition. 

Tne  densuy  Isotherms  A' e  almost  rectilinear.  Rising  temperature  very  slightly  ^educes  the  de'^air^  of 
t.ne  system  arid  the  nome'ical  values  fo:  lldL  120  and  135'  are  very  close.  For  this  reason  only  13S 
'.s  plotted  in  F'goTe  6 

Tne  lacthe'ms  of  c'c-cv.'c 
co;(duCt:vtt/  co’rerted  t  >•  v  = 
cosUy  are  cu'ves  r 3-i«'ex  'c? 
ax.'s  of  corripos'i  .r:..  T  e  ele: 
t’lc  coaduct'vity  at  fist  *  jics 
slowlv  to  '.0  fT-ole  3^  v’es  a 
then  'aptdlv  w.'.th  1* 
concent*’ ati.O"  of  ;ne  t'r 

dependertre  jf  ▼ix  c>-  cc.-!  f-s 
^jjlo'ted  .ji  c  C 


acid. 


Tl^  sv  st^e rr  ^ c-.»  '  1* ; ' 

ac'd  ".IS  tx’c.*  i.T  >o  i.-'j  r  ■;  '‘  t 
method  b  v  Jt 

vi/O  est-^bi'srtC'i  thi.  r-'c-r;  '< 
cons’dc'-»Me  s*rDt_'  '-0  : 

ated  conipc’.nj  CtV'.r*,  <  *' 


Tm’ce <i*a’aled  ciiemically  pi.re  chlotoacetic  acid  was  used  F*actlons  with  b  p.  18'^''**  ''2'.' 
ed  I  .«irpot.les. 


'•  •scos'iy  oens'tv  acd  electric  conductivity  were  rneas*j*ed  at  lempcraiiAtes  of  80  90  i*>d  .  l'  < 
f  of'ti •"g  rrc'c  tnat  80  mole^  urea  decomposed  when  heated  at  above  100*. 

Tne  viscosity  lsothe*ms  shown  in  Figure  7  arc  curves  convex  to  the  axis  of  composnior  I7.c  de  . ■  - 
‘•om<  aca'ttvity  is  g*eaiest  fo*  the  90*  isoUic’in.  With  risL'ig  urea  co*icer»oatlou  the  tempe’^attre  coerfL't.^'’* 

0^  V  Acosity  .rce-ises 

Trc  dersriy/ c oncent»atlo*r  cu’ves  are  cxUeinely  cor.vex  to  the  axis  of  composliio".  'Ftg  8; 

In  'iga'c  9  Is  plotted  the  dependence  of  the  electric  condoci.’vi:y,  cocecied  fo*  '/•scOi'Jv.  o*"  i^e  ;o  ' ' 
fiuor^  j-  v*ew  of  the  very  close  numerical  values  for  temperatures  of  80.  9u.  a»id  100*.  tne  d',4g-at*5  c.y.rw  g.'.v/*s 
t*>e  lOu  sotbc'm,  th*s  is  a  steadily  descending  curve  with  convexity  to  the  axis  of  comt»s.i  ofl 
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Fig.  7.Vlsco$lty  of  the  iystem  Fig.  8  SpcctPx  gT*v!iy  rf  *e  systeir  F!g.  9.  of  the  system  urea*- 

urea-  chloroacetJc  acid  .  urea-chloroacetlc  acrd  .  chloroacctic  at  iOO*. 


In  this  system  the  electric  conductivity  cha'^ged  cora'jde’ibly  l*.  the  coxse  of  tlnre  while,  the  viscosity  and 
der.slty  of  the  mixtures  remained  constant.  It  is  cha.**cterisiic  tiut  the  elettr'x  coixLctiv.'iy  changed  in  the  upward 
direction  cnly  In  the  fused  state.  We  kept  mixtures  at  NX)rr  teiToe’4ti.re  ir.  he*met,icAlly  sealed  vessels  for  over 
a  month  and  the  electric  conductivity  lemained  corisUtn.  F^t  wner  tnc  mixtures  were  f;$ed.  the  electric  con¬ 
ductivity  Increased  at  the  mean  rate  of  2^  Jn  15  mir-utes  The  above  values  of  elecclc  conductivity  were 
determined  on  freshly  prepared  mlxtmes  after  keep'ng  for  15  m'.t.ites  ir  i  tnenrostat. 

EVALUATiON  OF  RESTATS 

In  the  system  urea-acetic  acid  ihe  viscosity  ‘sotbeims  are  curves  which  are  co-vex  to  the  composition  axis 
and  thus  indicate  dissociation  of  an  associated  cou  poTeni  Tne  elecfcal  co'-ductiv-xy  ci'ves  likewise  do  not 
indicate  cliemical  interaction  in  the  system.  The  density  •sot.ne*irs  (c -*ves  convex  to  tne  composition  axis)  point 
to  a  slight  contraction  in  the  sy.<:tera.  Dolezalek  [6]  ‘s  of  the  op.-i'oi  that  s.ch  c-'vcs  .-ideate  chemical  reaction. 

E.  B  Viron  [71  however,  has  established  thatcon  t  act'oc  t  s  svstem  reed  “ot  be  assoc  ated  w:in  chemical  xe- 
action;  he  showed  that  Isotherms  convex  to  the  con.”>os‘*  x.a  ax's  may  also  occu'  .'li  the  absence  of  chemical 
reaction.  Hence  It  follows  mat  the  density  isotherms  must  be  regi  ded  orjy  against  the  background  of  otner.  more 
significant,  properties. 

It  may  be  thought  that  me  compound  CCV^R)^  2f  al-eauv  •tot‘g}y  d  s.xoci.'r.rcd  the  meltmg 

point,  would  be  wholly  dissociated  in  the  liquid  phase  (at  80  90  »'a  100) 

lengthening  of  the  chain  In  the  acid  ought  -ot  to  '.ncieise  if>e  ter-de^xy  tewa-d  cnem'.cal  react'on,  •$ 
was  confirmed  for  the  system  urea-butyric  acid  witer  th'a  was  srud  ed  1*  tr«e  poise.  Tne  .‘aoine^^ms  of 

viscosity  and  ‘converted*  electric  conductivity,  co'-vex  to  me  c cmocsrircr  ixis  do  -ot  po'T.-t  to  chemical 
reaction  In  the  system. 

We  know  that  the  introducilor  of  chlorJj^e  irtc  acetic  ac  d  i  creases  's  ac'ditv  a--d  th's  Ought  to  pmmote 
its  reaction  wUh  urea. 

However,  exambuiion  of  the  isotlierms  of  the  p^ope-res  st  ji'ed  l*  trie  I'd'  'd  phase  do  rot  g  ve  a 
duect  indication  of  chemical  Interaction  in  the  system  i  miy  br  mcciri  t'^at  t'«  c-erj-pc-'d  CO^n'H,),  • 
2CHjClCOOH,  also  strongly  dissociated  at  the  melt  eg  po.-t  wo.Jd  ce  c'sscc.aien  me  l.'xijid  ph.se  (at 
the  experimental  temperatures  of  80,  90,  and  100*)_ 

According  to  the  generally  accepted  LnierpretatCn  visccsiy  ■iit-e.rrs  ^co've*  to  me  composit'oa 
axis)  reflect  dissociation  of  an  associated  component  in  tre  systerr:.  Wi.h  .s"u  rempe-vu-e  &jch  c-.'vts  are 
diminished  In  convexity  and  tend  to  become  sua’ght  l.'.oes,  me  svsrerr.  c.-c5'’'C''  me  l*o'  isothc'm  exhblts 
tlte  greatest  deviation  from  additivity  ii  is  possible  that  tn.s  ap!-3Mriliv  be  p-cvc-ec  by  ir-e  complexity  of 
the  processes  taking  place  in  the  system  and  that  is  is  po.  'd  t.c  w_n  d'.v>oc  ji’ot  of asscc'aicd  comoonent 
and  ti.e  formation  of  a  compound.  In  that  event,  wltn  z'.xsg  te.TPe  a.v:e  me.-e  i.-.Cajd  be  found  o:  me  viscosity 
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Icrw’ips  **  lr  d‘4*l'is^  cf  cbem'ral  -^ACtlor  an  r  oudUlor  ♦lut  the  fill  Is.  vljcoilty  of  the  mlxtuiie  CAtued  by 
i'Asof  'Atraj  of  An  ftnoc  .jted  coirpo-eni  w?ih  r.’ilrg  iempc'Ata.'c  *4  not  offset  by  'it  Inete^se  due  to  reaction. 

:  D.fo:tu"ately  li  'J  irepoiible  to  checK  thli  hypothe$*4  d.e  to  isie’-alfied  decoirponiior  ir.  the  system  with 
f^-  tte'  'isB  of  tempetat^te. 

A  too  Ia'i^  pos:i.‘.ve  deviation  of  the  desatty  l$othe>n?$  ;$.  in  a  way;  evldesce  of  chemical  .Interact  on  In 
tc«  system. 


t  *a  Irte'estlT-p  to  rote  tha*  crea  with  sC0T.g  tao.'garlc  acldt  g.lves  con'peuTds  ef  the  1:1  type,  with 
b:.vr  e't  ac'ds  com  pc  a  ds  of  the  1  2  type  (2  molecules  cf  :..ca),  a."d  in.  Mtr.  cases  «e  •.•ea  fu-ncilora  as  dona 
of*'  electron  pair.  With  wea>  orgsjlr  mortobasic  ac'ds  ss-cc  as  acetic  ard  chl3.eac€t.’c  acids  (as  well  as  with 
p?»e'c",  irea  gives  compounds  of  the  2:1  type  (2  molecxles  of  acld^.  ard  soould  thta  fvpctlnn  as  a  dosce  of 
tvr:  o*lrs  of  electron,  b.t  this  Is  very  improbable  beca.se  with  tr-o-panc  ar'JLs  4.*ea  fuictlocs  as  a  monoamine, 
.t  1$  f'Oiewo.-tfy  rial  t».'ea  gives  compojnds  of  the  latte*  *ype  w  J.h  stra^giy  as*:c:atfd  com  parents.  ,1  is  mare 
otoaole  that  also  la.  tnese  cocapovuda  the  ...ca  fuactlors  as  .*  doao*  cf  only  oae  electro,  pa.*.*  bJl  the  pair  la 
icceptcd  by  a  d.'roe:  of  the  second  compoiieft  S  .ch  a  compo»:=^d  will,  of  co-'se.  sot  be  dlstLr^jlshed  by 
g-*a*  stab'Jity;  and  %vJl  decompose  w  ih  ns  ng  temDe*atv7e.  1 1$  oicelvab  e  trat  fr  Lhls  very  .’.eason  oom- 
pc.-ds  of  the  2  1  type  a  e  to»  *eflected  "w  ti»e  *.y>Lhe-ms  of  Dxpe:n‘es  In  the  i.'ii'..jd  irfiase  cf  both  systems 
w-.:r  fi**y  VC  ds  atd  systems  w;th  phenol  [1] 


SJVAiAR? 


1  De’erirl'atlo's  wee  made  of  i^e  viiczvty  derslty  a^-d  electilc  condoctlvrty  of  the  systems  urea* 
acet  c  ac  d  .:ea<hlo  oacetlc  acui  at  tempe,'atu'cs  of  80,  90.  a^^d  100''.  ard  u  ea  birtyrlc  ac.id  at  110,  120,  end 
135' 

2  j*  *11  tn.ee  sv:tems  ro  chemvai  leactii".  was  detec  ed  '.n  *Jie  I'ciJid  pnase. 
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SYNTHESIS  OF  HYDROCAUONS 

XXXDC.  2,3-OIMETHYL—  1.3-  BUTADIENE  DICHLORIDE  IN  THE  SYNTHESIS  OF  ISOAIXENES  WITH  A 

CENTRAL  DOI  BLE  BOND 

R,  Y*.  LevloA.  V.  R.  Skvarchenko,  A.  S.  Okanevlcfi  a7*.d  E,  G.  Tre»hchova 


In  continuation  of  our  study  of  the  syn.thesl^  of  olcflTiic  hyO'Oc  v.bota  co*ii.'.9lr»e  a  ce::5i:al  doable  bond  by 
the  reactlm  of  dlchlorldes  of  conjugated  dienes  w'lh  orgatoir^g  es'-ir  coirpoAtds  [1  2  3],  we  nave  ttvdied  Ul 
the  present  paper  the  reaction  between  the  dlchloilde  of  2^3  d’jretnyl  i  3b-.ud.'ene  (d.'JLsc*ppoperyl)  and  organo- 
magnesium  compounds  (methyl  and  jn^opyl  magnesium  b'omides). 

The  chlorination  of  2.r-i-dlmethyl-1.3butad'ene  (ne'«  studied  fo'  the  fva  rjjre),  led  tc  fo’-m^atlon  of  a 
crysulllne  dlchloride  (m.p  35*),  apparemly  the  1  -i  ■dtchlrn’oc  ji>dg'.'"g  by  Lne  aralogy  w'lh  the  crystalline 
1,4-dlbromide  of  butadiene  (Iromlratlof’.  of  bv.tad'.ene  ktcvt.  to  yjeli  a  c*ys»alli'‘e  14  d'h  omlde  a?^d  a 
I’jquld  1,2-dlhromide).  The  crystalline  dlchloride  coold  howeve*  be  ccaaminared  with  tne  1  2<L*xhlO'ide  (!) 
of  2.3-dlmethyl-l,3-buudlene: 


CH,^C-r — c=CH,4a,  • 


CIC  H, -C(f.  H,) -C=^  c  H, 


CIC  H*  -C==C  “-C  H.Cl 
CH, 


Reaction  of  cryaalline  dlisopropenyi  dichlo'ide  with  methyl  mag’-eu-jm  brcm'de  led  to  formation 
of  S.-'-dlmethylhexene-S  (HI)  (yield  23^  of  the  theo'etical)  wnose  sL^>ctme  was  corfl’^roed  by  ai’alysla.  by 
the  constants,  and  by  the  Raman  spectra; 


ClCHjC^ 


<  H|C1  H  C C  CH  Cn, 


CH,  CH, 


Reaction  of  the  crystalline  dlisop''opeTyl  d?chl.o"de  witr*  D'opvl  mag'iestom  b  orr'de  gave  a  m'jctore 
of  two  hy.rocarbons  (yield  ll^of  tire  theoretical)  5  6dTretr>vldece*e  3  (  Vi  of  tne  total;  a’’d  tne 
isDmerlc  a-oleflnic  hydfoca'^bon  (V)  (10  <^)  the  lane*  bcl-gCoe  to  ailyrc  ^ea-ingeirenr  of  an  ^'vita'ated 
monochloride  “the  intermediate  product  (A). 

C.H  Mcf*t 

C1CH,C=CCH|C1  — ^ C.hCh  C.==C^  aCl 

CHjCH,  r.H,  C'l, 


c,H^  H,c  ==c  c  K,ci  c  ,H  .<•  -I. :  ~ :  c  K.  r ,  H; 


CH,CH, 


Ch.  Ct*. 


C,H^H,C(CH,)-C=Ch, 


The  action  of  the  organomagnesium  compoijnd  o:  tne  ..'sit..  i!ed  alive  dvaotroDenyl  nichlo'ide  was 
also  accompanied  by  a  side  reaction  (which  we  de$c**bed  lo.  p'cvixs  rorrm  i'Tcat’ors  [1  Z  3X'  le.iO_'45  to  ’o<ove*y 
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If  the  2.34:jrethyM,3-biiU(llcDe.  while  In  the  M  of  propyl  m^itum  bromide.  ^*inc  was  aim 


obuioed: 


ClCt\C  r-w  cCHtP  ♦ 
CH,  CH« 


:=Ci4  ♦  ft-«  4>fl8Cit  ♦  MM 


CH.  CHg  CH,  Cl^ 

(where  R  *  CH^ 

Possible  co-air.i»'ai:on  of  the  irepued  crysUllLne  2*3-d‘jrethyl-l,3-buudlene  dlchloride  with  1.2'<ilchlQrlde 
^eed  not  interfere  ir.  the  reictloD  with  orgAnomagrtesliim  coirpo.uult  slace  during  the  reaction  the  1.2<dlchlorldes 
e -he»  uTide'go  allyllc  rear’a^gemeni  to  l,4-d-'xhloTlde$  [1]  (which  react  further  with  the  arganomagnetlum 
ccir  pound)  K  exchange  only  one  atom  of  chlorine  pet  'adlcal  and  fam  the  nioaochloilde  (B)  which  doei  not 
ente*  Into  further  reactloii; 

-i^ClChiC^^CCf^l  RCl^C==CCi^R 

'  I  I  I  I  i 

a  Ch,  CH,  CH,  CH,  CH, 


:=CH»  ClChjCs 


CCf^l 


X 


CICK,-C- 


CHf  CH, 

(B) 

EXPERIMENTAL 

1.  Chlojls^t'.or.  of  2  3-D Im  ethyl-1 . 3~butadleae  (Dliscpropenyl) 

Chlcrlr-it-'m  of  d'.'soproDe'yl  was  performed  at  various  temperatures  (between  “15  and  “V5*).  The  fall 
*xirpf3tu  e  durlrg  cociiT-g  found  ’■•ot  to  affect  the  yield  of  crystalline  d'isop'openyl  dtchlorJdc.  , 

'"hic'i^e  w«s  i^vodjced  Vto  a  sciiitlon  of  d.'.i^jp’ope'syl  ^20  g,  in  absolute  etlier  (i5  ml)  while  cooling 
tr-e  *e»ct'0'>  vessel  win  a  rr  jtture  ,{ :’--ow  ar-d  salt  To  enable  ooservatlor  of  the  inciease  In  wej^t  and 
’0  de'x  rr  ne  trx  corrpisvn"  of  tbt  ’eact'en  the  'eacL'or'  vessel  wa<  couaierbala"ced  on  a  balance.  The 
ear  *.  on  was  j;.dged  compleie  when  tiie  we*gb*  of  -eactlor  xr'jcture  bad  mc’eascu  by  tbic  theoretical  amount, 
o'l  tr,e  b^s's  of  tjje  add't  O'*,  of  two  atoms  of  chlorine  tc  trjc  dllsomcpenyl  molecule.  The  required  weight 
c'’e»sc-  17  g  ;fof  20  g  d.  scp cpenyl)  was  reached  after  30 -40  mlnures 

A‘*e*  dstl'ft  nr.  of  trje  ether  a4*d  f'actibnii  disfllai'oii  of  the  residue  in  vacuum  (from  a  flask  with  a 
*5il  cet»''legma»o  }  toe  d  ch-o'  de  of  d'lsop’oper.yl  was  ’sclated  w'th  b  p  80  (at  18  m.m).  Almost  the 

cf  t^.e  d’crlo  oe  cvsillueo  wr.e’’  coole'^  afte*  p'fss'rg  a'-c  d*yi'-g  on  a  poTus  plate,  the  crystals 
-  -C  ri'  p  '5'  elo  cf  '’ys:all.i''e  dichlo-.-de  r'2^r  of  tae  trxcxt'cai  ;300  g  dilsopropcnyl  gave  173  g 
z  cnlo-  jse). 

—  -  Beact_o:  cf  Crystalline  Dtlsopropec  yl  Dlchlot’de  with  M.eth^'l 
M  ajg  $ '  u  m  r  •  c  rr  d  e 

Tc  meihyl  msg  cs'um  b’om'.ae  (220  g  rretbyl  b'omxe  2*  g  m«g''esiuir  ard  3.00  ml  ahoiute  ether) 
aas  g’«<;  .al.y  «cded  wth  w^tc’  i  ocllr.g  confnuous  stir’fg  a  sol-.t-C'»'  o^  the  cryslA!JL'’e  dfisopropenyl 
d  '  '■..O’ de  w  If.  m  r  35  absokic  ctne»  at  s-cr  a  speed  f^at  the  ether  c-lv  boiled  gerHy.  After 

the  WKlc  0^  f  e  d  c'lo^’de  h»d  been  added  the  -ea’i  m  xt-  e  wai  left  ovcrr.'ght.  Or  the  rext  day  the 
rg  was  er  r.  ..ed  fo-  G  hc..vs  a!  ’oom  tc.-r nc-aru’c  and  fo’  2  boms  cm  the  ware:  bain  Decomposlilon 
w  is.  effc-  ’ed  w  t.-;  d  lute  acert'  ac  d  (j(h5c)  /ftc*  two  exr»”'rre*ts  ^i»d  bee'’  ccmpleteo  the  ether  extracts 
wee  rorb‘’ed  washed  .r'Vl  'ieut’?I  and  a»  ed  with  caic.uin  rb.lo’ide.  the  ethe»  was  distilled  off  and  the 
es  c  ,e  C'sMled  'a  a  co’  jtit,  of  50  thco  etical  plates  T’wo  f’i.rT.  o'-s  we  e  obtaL  icd. 

Tr.e  fiisi  f'ac’loa  ^p’oduet  of  c lea. age  of  chlor'nc  atoms  f’om  the  dlchlOilde)  wai  diisoproperyl 
wl’±  h  p.  e8  5  €9  5*  ("53  rrm,  1.4380,  d^*  0.72C0. 

L-’f-tture  dau  [4]  bp  68  6'  (762  mm;;  1,4390;  dl‘  0  3262. 

The  c'vsiallioe  p-’od.'.irt  cf  addiL'jon  of  the  d*e»s  to  maleic  anb.yd’ide  had  m.p.  79^(f*om  Ifg’olne).  In 
ageemeni  wih  the  Ine’a’i.’C  [5]  A  m'jced  mclung  test  of  th's  adduct  w.lrh  *Jiat  obtairjcd  from  the  original 
d-:iDp’ope’’Yl  d  i2  tor  a  depress:oa 


756 


The  ylfiid  of  dtitopropenyl  wAi  IS  g  or  401t  of  the  tlicc.tet.*/:  aI  cilcoloted  on  the  Idilel  dlcUozide. 

The  tarood  t*ct!cn  (iroduct  of  vjhaHn'Js^x.  cf  r»»o  t'xitsrof  chladae  la  the  dlchlorlde  by  oiethyl 
gn>up*)  had  b,p.  119“119.&*  (765  mm}i  yleJd,  13.C  g  o?  237fc  cf  the'  thcocetical  (cilc  ulJLted  oa  the 
dlchlorlde). 

The  second  fraction  vas  heated  with  nfAic  Miyd'.'de  It  c.'de”  lo  eliminate  any  dliaopropejiyl  and 
then  distilled  over  sodium  la  the  same  column,  giving  3^*l-dlmRthYlhsxeie  '3  (HI)  not  prevloesly  detcclbed 
la  the  lueiature.  Its  cosstan!!  were; 

l.p.  119.2-119.4* (770  mm),  sg  1,4275*  d|*  0.7415,  38.b9.  Calculated:  *0^  38.87. 

5.660  mg  substaBoc:  17.813  rag  CAj.  7.129  mg  ji^O.  5oi-;d  5):  C  85.88;  H  14.09.  CgH^ 

Calculated  i>:  C  85.72*  H  14.28. 

The  Rarcan  spectrum  of  3.4»dlmgthYlhe«ftie-3  cot^s,:.!  tve  fceqifeKfes  (tbe  fjtealliy 

of  dte  lines  waa evaluated  visually)*: 

245  (l;w  );  313  (0):  409  (3;  w  )!  421  (0.5)i  455  (O.S);  480  (2)i  519  (l>i  555  (0.5);  585  (2);  600  (1.5); 

679  (10);  746  (0);  790  (0.5,  w  );  846  (1.5>  S07  91’  CO;-  938  (3.5;j  970  <1);  998  (4.5);  1018  (1); 

1056  (2.5);  1074  (5);  1101  (1.2i&  I;  1144  (Jh  y,  il-Q  ,1.5;^  1196  C1.8>  1206  (0).  1237  (1.6}. 

1268  (2):  1322  (5);  1380  (5),  1440  (2;,  1449 ii0;=  1640  '0.5).  1664  (20). 

The  p-Tiseace  la  the  spectrum  of  a  wtsJi  freq-.es:y  of  1640  cni*^^?cl7is  to  the  presets  of  rtrces 
of  ix.  a  cletaic  hydrocfbor  ia  3,4-^'jr.eip>lri»>ese-3. 

It  Is  aotewonny  that  whereas  Jor  :et;tTfiiyieti(.:ylcu5  Ctr-e  fl'st  rcembcr  cf  tbe  ser!e*  of  teaa-- 
siibstftuted  olefine)  thte  chaiacterisiX  f*eq-je?j:y ’s  1676  cir‘*“  C71  C»c  Raman  specpvin  of  toe  3.4- 
d’jrethyihcxcnje'S  syrthes’^ed  by  us‘“a’s3  a  v'sfLTU  "  tonraits  &  f.ecr:eacy  of  1&£4  cnT^ 

!,e.,  Jcwe-  trjLTt.  that  of  tetra,ceihyletiyxife. 

3  Be ac  tior  of  C  t  y s t a H r c-i a cfc  c v  1  Dithlorlde  with  *roP  vl  hiagreslcm 
£l«ID.lde 

Rt’art’jon  of  propyl  magnesL  jTj  b:x.n:lde  {123  g  o  oo.!  24  g  rrag'evjjr  ari  30C  rcl  *bsol;.te 

t'Dct)  wtr.  d.*J.sop,operyi  dichlor'-de  (m.p.  35”  47.5  ?'  •as  the  s,ims  rt-di-lsrs  as  cexribed  above 

fo’  the  'eacL’or  vIt'd  methyl  m^gr^esl-rc  b.-cjT'iJs.  A'te;  t*'.  t^re'ur.eg's  ta.i  been  cir.Xu  oit.  txie  etner 
eiratis  were  r  ornbiced  «rtd  wo-ked  tp  i:  t^>e  ti.  C  rr.A'..iC’-  me  re-CdiC  ik3ls  i'siHre?  o-er  sodi-ir  fg.  a 
will-  30  theoretical  piaxs.  T>c  ^ert 

Tre  tirjr  fr^tt’on  with  b.p.  C5-b0‘'(21  c;  •a;  ^  ".iljr.-.  p^,:  >!  ‘.'j"*  fo-rr. ed  b*  toe 

s.*jde  re%cVoii  c'eavAge  cf  cWoime  (.."m  m':  •’■-.'•r  trir-  ‘n  ^  .5_aoD-cpe*-yl  *.’<1 

5ei>i’ir*or  of  tfx  i  hcxtne  ir  thr  o.re  ’oii-;  f-.y.'.'J.'r  i  -I-'  ar.-y'’.  in'-  a’jc.  t'''f  t  -ilstiimd 

ovc'-sod  im  ;j*  a  co’*.irm  cf  50  tbc'>  etVA'  o  ri.  i  ’  ^  u  r^  »>,*■;  :  ..'e  *1  ca  culared 

cn  toe  d'Jscp  ore-'yl  dUhlo  ide  )  «»s:s  is".  i.'A-'i .  s  '  " 

.?..P  CS.S'fToo  rcrr.)  ’i)  37..  •-  29.90. 

.4*£a  [6].  5  p.  68  3  (760  rr^ri,  0,1.7  92. 

TTfC  tecor.d  f'art.m"  va»  5  6d'rpeT..-yi"£' £'£-5  '  •'  r.o.  f  OP.  02  .  T'£i>7-'27,  *£  -ixivetfca’/. 

a  second  d’atUlit ion  in  toe  sx.rne  <*>  .ur  r.  tc  r-  -.tv  •  •jv  t'e.';  '’v:rr  r»‘r-5  c*  rj-’r-ga*  a*4  tad  .•■■e 
foilow’Xigconsiants- 

J.p  201. 1-201.2' (751  mn).  rp  1.^  ViJ .  0.  r m,,  i”.4c.  .  '.iv'Jstel.  K'Ojj  67.15. 

5.6C7  rag  Sf.bs’anre.  17.840  rag  •"  fy  "  2 1 0  t-" ^  4, .;00  r  s  ;  7s.-i'-ce.  I3.r-i0  rrg  wTl, 

5.490  rag  H,0.  r  8x.k7.  tV..-:,  ^4.-2 14.29.  r  .'.ihiJa^:rd  C  bo. 72.  H  14.28. 

5,6-D:jneihylde<.ene-5  ras  not  t<-tn  <ks<-i'  >  me  .in.:'-.. 

Tbe  Raman  spertf  orn  cf  5.6-diragirai.i-j.£Ci?X^5  r..':maired  me  fr'V  :«>i<'.g  re-qvCT/.'I^s  (irt£nj^li5s  cvaitated 
visually). 

•  The  Ramai;  spectra  were  plotted  in  the  dc<ri5^  mr  .lit inns  [1.2> 


276  (1);  338  (0.8)j  397  (0.5);  410  (1);  491  (1);  522  (1);  586  (1.5);  503  (0.5);  671  (0.5)i  695  (1.5)i 

735  (0.5);  750  (1);  792  (1);  821  (2.5);  845  (0.5);  873  (3);  895  (4),  925  (1);  956  (1);  99l  (1);  1050  (4); 

1058  (1);  1068  (1).  1102  (4);  1133  (0.5);  1170  (0.5);  1198  (1.5);  1241  (l;h  ):  1290  (15):  1301  (2.5): 

1329  (1.5);  1382  (3);  1408  (1);  1443  (10;w);  1459  (3);  1640  (1.5);  1665  (12). 

by  the  RAmAn  (pectmin,  5,6~<lljnethyldecere-^  conUtUied  About  lOTt  of  An  etcleflnic  hyditv* •• 
cA’bon.  Forirutlnn  of  the  lAite;  miy  be  explAlned  by  Allyllc  tcAtTAngen)eni  of  An  IntemiediAie  product  of 
tpAc  tlQO  ~'the  unuiuiAted  roonorblorlde  (ce  scheme  Above). 

CoTuequs^tly.  In  Its  rcAcUon  with  propyl  roAgneslum  bTomldc^  dilsoprcpeiiyl  dlchloride  (II)  behAves 
slmllArly  u>  buiAdiene  l.-i'diehlotlde,  whose  reActioa  with  butyl  niAgneslum  bromide  Also  leAds  to  formAtlon 
of  AT.  90lefliUc  l)^;)CA!bon  Isomeric  with  the  mnm  reaction  pioduct  ~*An  Alhene  with  a  central  double  bond  PX 

The  tpectrun  of  bjB'dlmethyldecene-^.  lii^e  that  of  3.4-dlmethylbe»ene>3,  centains  a  chAfActerlstlc 
fie<Ji^.cy  of  1661  cm'^  whose  value  is  lower  than  for  tetrAmeibylethyhtne. 

SUMMARY 

1.  ResctiOii  of  the  crystalline  dichloride  of  dlisopropecyl  (2,3<ilinetbylbutadleoe-1.3)  with  methyl 
mag.-’esii.m  b'omide  gave  3.4'dlmethylhexene-3  in  23^  of  the  theoretical  yield,  not  prevmusly  described 
in  the  l*te:ature;  the  hydrocarbon  has  a  branched  structure  and  a  central  double  bond.  3,4-Dimehylhexene-3 
was  by  lt|  constac-ts  arid  its  Raman  spectrum. 

2  BeAction  of  crystalline  dirsopropenyl  dichloride  with  propyl  magnesium  bromide  gave  a  mixture  of 
two  hydrocarbons  (11*23  yield).  5.6-dlmethyldecene'5  (&0‘it)  and  an  isomeric  e-ole finlc  hydrocarbon  (107^) 
formed  by  allylic  ieaxrarigeaient  of  an  Inienr.edlaie  leaction  ixoduct  ~an  unsaturaied  monochleride. 
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SYNTHESIS  OF  HYDROCARBONS 

XL.  REACTION  OF  CYCLDPENTADIENE  DICHLORIDE  WITH  ORGANOXiAGNESIUM  COMPOUNDS 
R.  Ya.  Levina,  T.  I.  Tantsyreva  and  E.  C.  Treihchovn 


The  reaction  of  organo magnesium  compounds  vrlth  unsato^ated  1,4-dlhalldes  of  the  allyl  type,  studied 
In  previous  papers  by  one  of  us  [1"4],  was  developed  as  a  new  method  of  synthesis  of  difficultly  accessible 
oleflnlc  hydrocarbons  (trans^form)  with  normal  and  iso  stractures  and  conialr^ing  a  central  double  bond. 

aCl^-CH=CH-CH,a  ♦2R.Mg&— ^  R-C1%-CH=CH-C1%-R 

(R  =  CH^  C4rt:.C4H^ 

ClCH-CH=CH-CHa  ■»2RMgBr  - - *-  R-CH-CH=CH-CH-R 

II  II 

CH,  CH,  CH,  CH* 

(R  =  CH*.qH,} 

A  slraflar  type  of  reaction,  applied  to  l,4~dlchlor!des  of  the  propargy’  ype  (containing  a  triple  bond), 
served  as  a  method  of  synthesis  of  symmetrical  diali<yl  acetyle-ics  with  normal  [5.6]  and  iso  structures  [7.8]: 

aCH,-C=C-CHjCl  ♦2RMgBr - -  R-CH-C^C-CHr-R 

(R^CKj^Cj-r^CsH-, 

R-CH-C=C-CH-ft 

I  I 

CH,  CH, 

(R  =  CH^  CjH^ 

Continuing  our  investigation  of  the  reaction  bet  wee**  organomeg^es'-um  compou''ds  and  unsaturated 
l.-i-dihalldes  coaiaming  labile  halogen  atoms,  we  have  exte.nded  u  to  the  1.4-d-‘chlO!lde  of  cyclopectadlenc. 

In  a  previous  communication  [9J  we  described  our  prel’m'.ra'’y  expe’'jre''ti  cn  the  reaci’on  of  c  ycl  DDenta/ller,e 
dichloride  with  methyl  {liagneslum  bromide.  It  wasestabl  si*ed  fo*  the  first  time  that  the  d’xhloride  exchanpes 
each  chlorine  atom  for  the  radical  of  the  organomagnes'um  compound  to  fo^m  d'jnethylcyclopentcve  (yield 
2i>5l,of  the  theoretical). 

In  the  Ian  two  years  two  attempts  to  realize  such  a  reaci.on  with  the  aim  of  synmes'alng  3  6-d'alJ<yl  * 
cyclopcntcnes  have  been  described  in  the  literature.  The  d'h'orr/de  of  cyclopentad'ene  was  cscd  'n  both 
InvestlgatlOTs.  Reid  aru!  Vost  [10]  In  studying  this  reaction  avived  at  the  concluslo:-  that  c's  aro  ra’'-$-3.&- 
d'hro.Tio-cycloptntenes  (l,4“dibromide;  of  cyclopcniAdteney  do  not  reac'.  In  the  normal  way  witn  O'ga’^o-* 
magnesium  compounds  but  form  only  polymers.  In  the  Tierat.re  [11]  *s  descr'bed  a  .reactioc  between  c's  - 
and  traiu-3,5<ilbromocyclopenudlenes  and  ethyl  magnes‘.uin  b'oirttde,  d'ethylcycloper.te'c  was  Isolated 
from  the  reaction  products  in  a  yield  of  25*50  of  the  theo.’^et^cal,  ir  the  sut’no's'  wO’ds  this  corrpou.'ul  co'iS'sied 
'partly  at  least  of  3.5-dlethylcyclopenicne".  The  reaction  of  1.4  dlbrnmocvrlcpe' twene  wl»ji  octyl 
magnesium  bromide  apparently  gave  a  dioctylcyclopentene  In  wh'ch  the  pos  non  of  me  octyl  g’nups  was 
likewise  not  established.  Consequently  the  scuctu’e  of  the  hydmca'bors  fo.-iried  .y  these  re.*ctlOT-s  was  rrot 
conclusively  established  by  the  authors. 

In  the  present  research  a  close  study  was  made  of  the  teactiori  betweer  o:gaii.omsg^esiiim  compounds 
and  cyclopentadlcnc  dlchlorlde.  Reaction  of  cyclope.ntadlene  1.4'-dichlo:lde  with  o.g^poraagneslum  compounds 
might  serve  as  a  method  of  synthesis  of  S.S  -dialkylcyclopentenes  -1  (L).  hydrogenation  of  wh..ch  might  yield 
the  difficultly  accessible  l.S'dlalkylcyclopeutancs;* 

•  3,5'DLalkylcyclopenteiies  are  also  Interesting  because  derivatives  of  one  of  them  —3  5-diaec.butylcyclo- 
pentene—  are  auxlms  a  and  ^(plant-growth  promoters  [12]). 


R-CH-C=C-<j:H-R  +  2CH,MgBr  — 
Cl  Ci 
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Since,  however,  the  IntennedUtely  formed  roonochlo*jde  (I)  Is  susceptible  to  *llyUc  re**r»ftgen>ertt  to  the 
Isomeric  monochloilde  (HI),  the  tcAction  may  iJso  lead  to  fotmatloc  of  a  second  fcydrocAibon  — 3,4-<liaJkyl'* 
cyclopeDtene>l  (IV); 


allyllc  ^ 
remaagemem 


T-Cl 


V" 


(I) 


m 


(IV) 


(2) 


It  must  also  be  noted  that  the  starting  cyclopentadiene  chloride  could  also  contain  the  l,2-dichlor5jde 


fj  I  )  which  possesses  only  one  labile  chlorine  atom. 
1\ 


The  presence  of  this  dlcMorlde  need  not  ijtitc^fe’^e 


w'th  the  ’"eaction  wtih  the  organ omagne slum  compound  because  —as  we  have  previously  shown  P) ’“unsatu»*ied 
1.2  dichlQ’ldes  (e  g.  butad'enc  1  2  ■dlchlOTide).  cn  reaction  with  organomagneslum  compounds,  reara-ge  to 
1. ;  d-chlondes  whichalso  enter  into  further  teaciion;  In  that  event,  even  if  the  1,2-dichlorlde  should  after  all 
remain  In  the  reaction  mixture,  then  one  of  the  reaction  products  would  be  the  raonochlorlde  (V)  which  does 
net  belong  to  the  allyl  chloride  scries  and  does  not  enter  inio  furtl»er  substltuilon  reaction;  for  this  reason,  it 
should  be  an  easy  matter  to  separate  tne  resultant  hydrocarbons  (II  and  IV); 


(V) 


The  Investigation  showed  that  In  the  reaction  of  cyclopentad 'ene  dlchlo'ide  with  methyl  iragnes’j<ir 
b’om.'de  both  possible  reaction  products —3, o-dunethylcyclcpenterve-l  (U)  a^d  3,4dljr.eibylcycJopccie''C  1 
(•V)  — a'e  formed  ’n  a  total  y  eld  of  20^  of  the  theoretical,  as  evidence  of  this  reaction  coo'se  hyd’ogeot 
I'O''-  of  tnis  hyd-ocad)on  mixTure  gave  a  catalyaate  conTa*.rt.fiji  (as  demonstrated  by  the  Rarra*’  specVLrp^ 

1  d  rreuiylcyclopenune  (in  'Jre  els-  and  trans-  forms)  (approx,  CO  "O^t)  and  1.2-d'Ji-ieuiylcyclopenrave 
(trars  form,  (approx.  40  30^). 


HjC-i 


(ID 


\/ 


-CH, 

/-CH, 


(IV) 


hCK. 
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ThiUt  during  the  re^tlon,  nllyllc  re&rmcgement  does  ictusUy  tnke  plnce  of  the  Inltinlly  fornaed 
roonochlcrlde  (1)  (see  equntion  2). 

Study  of  the  reaction  between  cyclopenuullene  dlchlorlde  ud  other  orgnnoiDngnetlnni  compounds 
(ethyl  mugnesium  bromide  end  propyl  megnesiam  bromide)  showed  that  with  them  the  leecUon  likewise 
proceeds  In  the  seme  direction,  te.,  the  intermediately  formed  monochloride  (I)  Is  reduced  to  S-elkyl* 
cyclopentene-1  (VQ  (with  possible  admixture  of4'«lkylcyclopentene-l  (VII)]: 


(1) 


RMgfc^ 


»Mg  - 


jao. 


-Q 


-ft 


This- reaction  is  a  secondary  one  when  usrlng  ethyl  rnagnesi^im  b*om<de  jy-eld  of  eihylcyclopentcnc 
(VI)  Is  5^  and  that  of  the  dicthylcycloperitenes  (U)  and  (;V)  is  12*5»  the  theoretical]  but  is  tne  sole 
reaction  when  using  jxopyl  magnesium  brom.'dc  (the  yield  of  p-opylcyciopientene  Is  75b  of  the  theo>etlcal)i 
dlpropylcyclopentene  is  not  formed  at  all.  Consequently  with  inc’-ess-ng  s'^e  of  carbon  chain  in  the  radical 
of  the  oiganomagnesium  compound,  this  side  reaction  becomes  p:edo.T!liJttnt.  Formatlor  of  high -boiling 
polymers  is  obsenrcd  in  all  the  reactions  that  we  stud'^ed. 

Or  the  bails  of  t!ie  experimental  dau  of  this  .■nvest.’gaLt'OL  of  the  leact'oR  between  cyclopenudiene 
dlchlorlde  and  organomagneslum  compounds;  the  above  equst'oos  (1-5)  miy  be  co'£‘de.*€d  to  reject  ill 
possd>le  directions  of  the  reaction, 

EXPERIhiE^TAL 

Chlorination  of  cyclopentad^ene.  Into  a  solufon  of  ftS  g  (0.5  mole^  cyciopentooicne  •  lr>  Absolute 
eihcT  (1.1  by  volume)  was  inuoduced,  with  salt-s.-ow  cooling  C’-y  chTor'ric  ar-tUtne  welgn*  had  incteased 
by  35.6  g  (0.5  molej.  After  distilling  off  the  cuic*  v3c ^  .rr  m  >  r-limger  sr*C3m;  ard  ^lct*o^al 
dlfiillatlon  of  the  reaction  product  In  vacuum  In  a  st  eam  of  ’••‘togc’'  (!'  «  ta'l  ccluini;  ihe’e  was  obta’ned 
•11  R  dlchlorocyclopentene  (yield  oQ^jof  the  theofet  raj  cilculated  cn  *he  CYClopcR’ia.enc). 

B.p.  .35' (5  min);  5C*  (10  mm);  n{}  1.5026  <i[*  1  219.3  VPjj  33.20.  C^w  Ci,  f.  Calcaiated; 

MRq  32.:'6;  EMq  0  8  ’..  Occurrence  of  an  exaltation  of  the  molec.ja'  ref-ictio-  ts  cnaracte’-stic 

of  unsaturaied  1.4-<ltchlorlde$  of  the  allyl  type  f2...3]. 

3.885  mg  substance-  2.020  mg  CIj  5  T tO  mg  s-bstance  2.t)"0rrg'rij  'ourd  ^  Cl  51. 99; 

51.75.  C,H/:i,.  Calculated  <1o:  Q  51.76. 

Dlchlorocyclopentene  rapidly  darkens  In  the  atr  and  turns  yellow  evc"  whe^  ••ept  Ir.  a  sealed  ampoule 
under  nitrogen. 

•  The  cyciopentadienc  was  prepaied  by  depolymer_aat'oa  of  the  d'jne^  by  the  metnod  desc’‘bed  by  r,  A. 
Kazansky  and  E.  Kl  Terentyev  [131  Technical  cyclopecudtene  dime'  was  f'er  wasr,ed  w‘ih  co-ceitrated 
caustic  alkali  and  then  with  water,  dried  wiin  calctum  chlof^de  ard  dist.'lled  vacuiur  -.b.p.  70  at  24  mm). 


Py  trulogy  with  the  fornutlo^  of  the  siereoisorneric  1.4^rom!des  on  bromlsition  of  cyclopenttdkne. 
we  rn&y  conclude  thtt  the  didiloride  is  cycIoj>entsdiene  1,4-dlchloclde. 

In  each  expcrJnjent  the  dlchlorldc  was  xccoirpanled  by  a  coLsldcrable  amount  of  higher  boilins 
fractions  apparently  containing  cyclopcnta<L)Cne  tetrachlorides.  The  chlorination  of  cyclopentadiene  has 
rot  been  described  In  the  literature. 

Resctlor  of  cyclopentad.*ene  dichlg^sie  wltli  methyl  roagresium  bromide.  To  the  mcAyl  mgnes-um 
b  omide  p'spa'ed  horn  520  g  (5.2  moles)  me'-hyl  bromide  ard  96  g  magnesliim  was  added  w.-th  concanx 
stiT'jng  a^d  cooling  with  snow  arui  salt  ac  erbercal  solution  of  120  g  (0.88  mole)  ^eshly  dlst_lled  (is  a 
n.’irogen  sfesm)  cyclopentadiene  dlchlctide  After  the  addltlo.nof  the  whole  of  the  sLchior^de]  stilting 
was  conti'f’ued  fo:  another  3  hcuis  at  room  te:merature  and  for  4  hours  with  heati.ng. 

Decomposition  of  the  reaction  raixtare  was  effected  with  dilute  acetic  scid  (2  N);  the  aqueous 
soliifon  was  separated  and  twice  extracted  with  ether.  Afte»’  wod<ing  up  the  ethereal  solut'on  in  the  usual 
irave'  andd'stUlir.g  off  the  ether,  the  recdue  was  distilled  off  f-om  polyrae's  boiled  in  presence  of  sodium 
and  twice  distilled  over  sodium  The  polymer-  and  halogen  com  pound- free  reaction  product  was  distilled 
over  sodium  iJ!  a  column  with  50  theoretical  ^ates:  a  hydroca'bon  hactlon  (dimethylcyfcloper.iercs)  was 
obt4  5j>ed  with  the  following  constants: 

rp  81«2*\751  mm);  nj5  14200  '!^*  C  7614.  MRj)  31.96.  f.  Calculated:  VRq  31.86. 

Tbe  y  eld  of  hydroca'bon  was  16  gcr  tr?.-  of  the  theotctrcal  calculated  oe  fte  cyclooenud'ene 
dicnloride. 

7?:e  Rair.ar  ipeccum  of  the  81€2*  fr.aciiDn  coniaioed  a  frequency  of  1613  cm**.  This  showed  that 
the  f-actxp  contained  a  cyclopeniene  hydrcci.*l>cn  (or  a  mixture  of  cyclopenter.es)  with  alkyl  groups  not 
located  at  the  do-jblc  bord;  both  S.S-diirethylcyclopentcne-l  (U)  and  3  4-dlmethylcyclopertew=.-l  (iV) 
rcs-sess  s.ch  a  structu'e  Hydrocarbbni  wuh  struct >x*e  a*c  characterized  by  tl»e  F'CseTe  i’’  the  Raman 
ioerfjm  of  the  1612-1619  cm" “  lines  [14]  C7ClOT>entene  hydmia'bons  whose  alkyl  g'oups  a’e  linvcd  to 
.-.3'  double  bOT'd  ca-botis  act  distinguished  by  "J^e  frequency  range  of  appmxlmstfity  1650  1680  cm  *  [14], 

3  5  ar-d  3  4Dlmetnylf  yclopenices  1  --possible  products  of  tbe  reaction  — >  awe  not  been  desc*  'bed 
1'  ’r>e  iric’atu'e. 


The  obta'red  mixture  of  <lirnethyky:lcTen'.enes  was  hydmgena’ed  at  150®  over  nickel-on- tluini.na. 
Iti*  :a»4,lyzj*£  w3*  d'stlDed  ove»  sodvcir:  1'"  a  to-umn  with  25  theoretical  plates: 

p  89.5  (756  mm;; -jJ  1.4113  4*  0.7457;  MPjj  32.71.  Cakoi.vedi  VR.n  32.33. 

10  380  mg  substa.-ce  32.560  mg  CO  12.41C  mg  H,0.  10  640  rrg  cubsiattre:  33.320  rrg  C  0^5 
13  84Cmg't_a  Foand ‘fe  C  85.6..  iS.  4C.  H  11.46.  14  56.  C  H  ClL' ted 6185.71. 

H  14  29. 

L’.’e  ahjie  d*u  ^o.  the  possble  coxpr"e'ii  of  the  catalyzste.  1  3 diroethyle yr:opc'ttPe 
(IP  >-u  e  of  .some  i)  [15]  b  p  89  5  90.6*  (76 . -rr,  'iJ  1 --'092  dl*  0. 7.160.  t.i.ps-1  2  olmetryk  vein 
pe-'a--  [:CJ  b  p.  91  2-91  5‘  ^755  mm>  L-ill;-:.  d^*  u.752'.. 

S.'ce 't  WiS  ‘mpDss'ble  to  F-xctir'-ste  rrKse  closely  boi?i.''g  hydjocairons  by  d.'stilLj.Tjz  /.t*  3  column. 
•*■•0  '•atalvzite  was  cximi^'ed  by  Raman  spectre^aphy. 


TtiC  spec  Pi  of  the  caulyzste  and  o*"  t.*e  rcnthei'c  p-epA^airons  o*  1  3  dimethylc  yr  loper  ti.'ie  ;m*xt  :.*e 
of  ^  i  a'd  tja'^^s  raemers;  and  i  2  dunetnylcyrlr r«:;r:t»ne  (faris  some*)  are  eauriie  »'.sd  it.  Table  i. 

j  /  sfgat'on  of  the  feman  speef^em  cf  me  catalyzate  and  >»s  compa*’a3r  w:th  the  lite.’st.'e  d^ia 
fo-  the  spect'a  of  syntr^ik  prepafa’iions  of  1  trJ  1,2  dimethylcyr lope rure  shoved  tnat  tbe  CA».sl»zste 
cortai's  .-iboL't^  60  70^^  1  3  dlmeThylcyclope''H-e  (in  the  els  and  till's  -  forms)  a- d  abo-i*  40  30'^ 

1  2  d  :netnvjcytioperita’'e  (in  the  raj’s  fo-ir)  ••  The  qaanfiar-ve  conrpos'tior.  of  t>.e  ciUlyZ'.'e  W4.1 
ciVu’aied  f-om  the  .'rtense  lines  of  its  specu'’.-  fTable  1»-  516  802  828  cm''  whkb  #*e  ctAJiCtetl^Jc 

of  1  2  d  met.-'ylcyclopenune  (mixture  of  the  cis-  and  pans  forms)  and  f'om  the  769  AJ)d  897  cm"'  lines 


AoiJt  f  oro  the  81-82  ftacUor.,  theie  was  lso.aied  a  61-67*  fraction  (2.5  g)  which  apps’ently  contrived  ntethyl- 
cyrlopen'eres  (see  equations  4  and  5). 

3jdgng  by  the  Ramap  spectrum,  the  catalysate  d;d  not  contain  cis  1  2<ilmPthylcycloDe.:itA.r-e. 
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TABLE  1 


Raman  Spectra 

Of  the  catalyzate  obuined  by 

Of  l.Swiimeihylcyclopentane 

Of  txans-l,2'dimethylcyclopentaiie 

halogenatlon 

(mixture  of  els- and  ttan$-!somen)ri51 

[161 

272  (0.7:  w  )•;  322  (1);  367  (1); 

272  (0);  358  (0);  373  (3;  w  ); 

278  (0;W):  326  (0); 

397  (O.S):  432  (1):  496  (2): 

409(0).  426  (3«  w); 

364  (0):  497  (35); 

51G  (3):  550  (0.5):  592  (0.5); 

514  (13);  549  (3); 

527  (5);  586  (0); 

706  (0.5);  769  (2);  802  (3.6); 

591  (3;  w.  W) 

607  (4;  w  );  721  (0); 

829  (5):  844  (0);  897  (3): 

726  (0):  803  (13;  w  ); 

766  (27;  W  ); 

956  (2:  W  );  983  (2): 

828  (28);  878  (0); 

798  (0);  861  (5); 

1025  (1.5:  w  ):  1056(0); 

950  (3);  985  (8); 

896  f34);  937  (5;W); 

1079^5  (1.5;  w);  1099  (.3.5); 

1021  (3;  W  );  1041  (3;  w  ); 

1005  (4):  1022  (5): 

1144  (2.5);  1160  (2); 

1085  (3);  1101  (3); 

1081  (13;  w); 

1190  (3);  1258  (0.5); 

1140  (11);  1152  (11); 

1147  (10);  1186  (3;  w  )» 

1292  (1.5);  1315(1,6); 

1188  (2;  w  ):  1251  (0); 

1205  (3;  w  ):  1283  (2): 

1345  (2);  1374(1); 

1298  (2  ;w);  1314  (8> 

1303  (2);  1340  (5); 

1460  (10;  w). 

1346  (5);  W  );  1457  (40;  w  ). 

1360  (3);  1457  (40;  w.  W). 

which  are  characteristic  of  l,2Hiliriethylcyclopenu?'C  (transform).  On  the  basis  of  these  <lau  It  Is  obvlc-ii 
that  toe  product  of  reaction  between  cyclopcrtadlene  (i*-chlo*lde  and  methyl  mag.neslum  bromide  comprises 
two  hydrocarbons  (see  equations  1  and  2);  the  normal  p-oiuct  of  reacuon  Is  3.5'd'jnethylcyclopeflTeiie-l 
(about  60-70  together  with  3,4-dLmcthyicyclopentEne-l  ( about  40-30"ite)  due  toallylic  rcanange merit 
01  the  inonochlorlde  (I);  hydrogenation  of  these  hydrocaibons  also  gave  a  mixture  of  1,3-  and  1,2-diiDeiliyl- 
cycIopenuJiei 

Reaction  of  cyclopenudlene  d.^chlu-ide  with  ethyl  mag’es'iim  bmmtde  Tie  reaction  between 
cyclopeniadiene  dichlmlde  (1.2  moles)  a.’id  ethyl  magpes-um  bronrde  and  separatiOD  of  the  reactloi; 
products  were  carried  out  by  th»’  above-desc*ibed  method  DlstUlailon  of  the  hydrocarbon  fraction  (freed 
from  halogen  compounds  and  from  polymers)  over  sod’um  a  column  with  50  tI)eo'et teal  plates  gave 
two  fractions:  I  with  b.p.  97* ( 763  mm)  ard  II  with  b  p.  140.3*  (763  mm),  .^dgt-'g  by  its  consunu  and 
analytical  data,  the  second  fraction  was  a  mixture  of  diethylcyclopentencs  ~3  o-dieUiylcyclopentcue-l 
an.'’  3,4-dleihylcyclopentene-l  (by  analogy  with  the  products  of  reaction  of  cyclopeniadiene  dlchloride 
w.*th  methyl  magnesium  bromide). 

B.p.  140.3*  (763  mm:  n}5  1.4390.  d’*  0.7922  VRjy  41.24.  f.  Calc-la’.ed-  VRq  41.09, 

4-,160  mg  substance.  13.270  mg  CO,.  4  670  mg  H,0.  4  -.60  mg  substatre:  13.900  mg  CO*; 

5.070  mg  H,0.  Found  C  87.05,  87.0.3,  H  13.10  12.72.  Calculated  *!»  C  87.C4; 

H  12. 96. 

The  yield  was  18  g  or  12^  of  the  theoretical  calculated  op  cyclopeniadiene  dlchloride. 

Literature  data;  Of  the  two  possible  p’-odocts  of  .eictlo''  3  4  o’etriylcyclopen’ene-l  has  not 
been  described  In  the  literature,  and  3,5  dieth\Tcyclope'‘tei.e  1  has  only  been  meri.r.orted  In  3  recent 
paper  [11];  the  authors  give  the  name  of  3,5  diethylcyclopenic’e  to  tne  hyd’ora'bon  tnat  tbev  obisined  by 
reacting  ethyl  magnesium  bromide  with  the  l,4dib’ora.de  of  cyclopertad'.ere  and  they  epoit  the 
following  conaants: 

B.p.  141*;  nJ5  1.4390;  di*  0.7921. 

There  1$  no  doubt  that  the  hydrocarbon  of  the  American  *uthors  was  .''ot  a  pure  3  5  d’-ethylcytlopentcfr 
but  a  mlxtiuc  of  Isomers,  siiiiilar  to  the  one  that  we  obtained  in  the  expet ‘mc'ct  wiit'  cyclopent*d,'e*e  dlchloride. 

The  lower  boiling  fraction  (b.p.  97*),  judging  by  Us  constants  and  the  analyttc-tl  ^12.  was  3ethyl“ 
cyclopeniene-1  (VI)  [possibly  contaminated  with  4’ethylcyclopeaterie-l  (VtQl  fo’med  by  a  raie  reaction 


Intensities  were  measured  visually  In  the  ten  'ball  scale. 


(*e  equation  4):  b.p.  97*  (763  mir);  nj}  1.4310;  dj*  0.7826.  MRd  31.82.  CtHb*  C*lc«U*te.dj  KiRg  31.85. 

6  750  mg  subsUPce.  21.G20mg  CC^;  7.660  mg  HjO.  4.862  mg  sub$Uiices  15.570  rag  CC^;  5.465  mg 

Fou.'d  Ik:  C  87.41,  87.39;  H  12.70,  12.58.  CjH|,.  C*lcul*ted  C  87.44;  H  12.58. 

The  y::eld  was  5^  of  the  theoretlctl,  cAlculAted  on  CTClopentadlene  dlchloride. 

LuetAtute  oAtA  for  3-<iJiylcyclopentene-l  [17]:  b.p.  S<.7-98.8*  (760  mm):  itp  1.4319;  d^  0.7835. 

OpticAl  It  vesi'gAt  Id  I*  confirmed  thAt  the  isolAted  hydrocArbon  was  3-<thylcyclopentene  (V^,  At  leAtf 
‘ji  ttiC  mAUL  The  RAmAi  spectrum  of  the  ptepA<ed  eihylcyclopentenc  contAined  All  the  lines  found  In  the  spectrum 
of  tne  sy^iheL’c  prepAiAtion  of  3-ethylcyclopenierie-l  (prepAred  by  leActlon  of  3-chlorocyclopcniene  with  ethyl 
magr*es.'^m  bromide  [17]  (TAble  2). 

ReAcL'on  of  c  yc  1  open  tad  lene  d!ixhlor?.de  with  propyl  niA?mesium  bromide.  This  rcAcUon  led  to  foimAtlon  of 
O'Jy  3  i7^\Tcyclopentene-l  (V*)  (possibly  contAmtaatcd  wurx  4-j»:opylcyclope';tene-l),  which  hAd  the  following 
ro'siAr:ts  after  d'siillatiDn  over  sodium  in  a  column  with  25  tbcoretrcAl  idAtes; 


P  p.  125*  (758  mm),  ng  1.4370;  dj*  0.7918;  MRjj '6.47.  C,H^r  rAlcuUied;  MRp  36.48. 

3.570  rag  substance.  11.415  mg  CO^;  4.020  mg  h,0  4.690  mg  subsur^e:  14.395  rag  COj;  5.335  mg 

h,0.  Found -Jk:  C  87  26  87.25.  H  12.60,  12.75.  Calculated^:  C  87.20;  H  12.8C. 


Tlte  ycld  was  7^  of  the  theoret’jcal,  calculated  on  the  cyclcpentadiene  dlchloride. 


Llte-ature  data  [IS),  b.p.  125.9*;  1,4359.  d“  0.7910. 


table  2 


_ _ _ _ Rarran  spectra 

>  etnylcyclope-ie'e  pepaied  nthe  Of  synthetic  p-epa*ataon  of  3-ethyl- 
p  esen-  i-ve st^^atlcn _ cyclopentene  [17^ _ 


205il):‘  322(1  2:  w  );  392  (3);  ! 

70.-2,  489(1  5>.  587  (l.w). 

'■ISvl.  "'46(0  3;  n  );  785(1.5) 

852  (2  5>  S80(0.S).  909(8): 

935(5;  058^1;,  994(0.8), 

1054(2  w  ,  (1081(0  5;.  1C92(11>. 
1101(15.  1117^15)  1170(2). 

1198.2  w.  1241  (0  5)  126''(0  3i. 
127Si4  w,  1210(1  5),  1540  (1) 

135", 2,  1'.57  (2^.  1382(0.5) 

1-,39.,1C'  V.-  ,  1459(4).  1591(0.3)  lGia[iq) 


306(5:  w  ;d):322(S.  w  .  d); 
397(11.5);  473(5).  493(7;. 

590(5.  d).  722  (C.  c):  757(2  d); 
787(3;  d);  855(11;.  913(20): 

938  (1 C) ;  963  (3 ; ,  596  (o  5) . 

1056(11).  1090(2'  ).  1120 (17.  w.  h  ). 
1173(45).  1294(2  5  d). 

1263(3/,,,  1285  (5)  1'17(C;. 

1343(4):  1561(12)  1385  (7) 

1443(22  5.  w  1462(17);  1617(35). 


»  ..nte'-s't'es  were  dete»'mtned  viiually  the  intensity  of  tee  1439  cm'^ 
1  r.e  was  iitujred  oa  be  equal  to  ten  arbitrary  units. 


The  Raman  spectrum 
contained  the  1612  cra“* 
line,  chaiacteristic  of  the 
non-alkylatcd  double  bo.id 
in  the  cyclopenteije  scries 
of  hydrocarbons  [14].  Dl- 
propylcvclopeniene  was  not 
detected  among  the  tcact'jon 
products:  consequently  tne 
leactlor  proceeded  in  one 
direction  only  (accoidi"g 
TO  equation  4)  w*th  fo'ma- 
f.on  of  p-opylcyclcpercene. 

S  U  XI  A  R  V 

1  A  study  was  made 
of  the  reaction  between cy do- 
pcntadiene  dichiotide  '  nd 
O'ganorragnes'.ij.T)  co:npoiirds 
(methyl  ethyl  and  p-opyl 
magr-esium  b'om'iies; 


2  t  was  established  that  reaction  of  cyciopentadiene  I  4  dlchloride  with  methyl  magnesium  bromide  re 
s.ltcd  botn  atoms  of  halogen  bemg  sjcccsslvely  teplaced  by  .Tiethyl  groups  with  formatton  of  the  normal  p’o- 
ucct  'eac*  or.  -3  6  d  jneihylcyc!opcniene-l,  but  s’nce  the  L-te-.med'ately  formed  5<hloro  ^  mcthylcyrlopeu 
te'c  (  ,  pa-t  ally  undergoes  allyl’c  rcanangement  to  3<hIoro-;-ir.c:hylcyclopenteru:  (III)  and  the  latter  also  enters 
•  to  c.5ctiOn  w'th  methyl  magnesrum  bromide,  a  second  hydioca'bon  is  formed  in  the  shape  of  3,4  dimcihylcyclo 
pente  e  1  Tlie  m  xtu'c  of  hydrocarbons  is  formed  in  a  total  cf  2.^  of  the  theoretical  ard  contains  approxi irately 
CC  7C'^of  3  5  d  methylcyclopenter.e-1  and  40-30^  of  3  4-dime*ylcyclopcnlene-l. 


3  Rc*c»  on  of  ( ^clcper^iadiene  T  l-dichloride  with  ethyl  rragj»esium  bromide  gives,  apa^  from  a  mixture 
of  d'cMylcyclopeMenes  (yield  12^  of  the  theoretical)  3«Lhylcyclopen:ene-l  (yield  5*!k  of  the  theoretical).  Tli'a 
hyd  ocarboi  the  poduct  of  seconda»’y  reduction  of  an  InteTmediately  formed  monocKlc’-ide  (I)  (5'chlora  3 
ethylcyclopcnic'se) 
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4.  ReactU)n  of  C)^opec.ttd!cne  l,4-<ilchloT.’ile  iropyl  magnet* um  bronildc  not  slvc  dl- 

P'opylcyclopentcTics  Among  the  leAcrion  podacts.  tlie  only  hydrora.^on  to  be  bolAted  vas  3^)ropylcyclcy* 
pcntepC'l  of  the  foimed  by  the  Above^tneniloned  ^ecofvL&ry  teActlOi^.l  * 

ConiUlnTAble  ajppimu  of  polymc^  we^  observed  to  be  foitoed  In.  all  the  peacdoos  Investigated. 
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THE  DECOMPOSITION  OF  TRIMETHY LCROTTLAMMONIUM  HYDROXIDE 
Ta.  M.  Slobodin  and  1.  N.  Sbokhor 


Of  the  methods  of  obtaining  unsaturated  hydroca;boiu,  great  interest  attaches  to  the  one  involviiig  do* 
composition  of  completely  substituted  ammonium  bases.  There  are  several  statements  in  the  literature  (by 
Chkigaev,  Demyanov  and  others)  to  the  effect  that  decomposition  of  the  bases  proceeds  without  isomerization, 
so  that  this  method  ought  to  yield  “normal"  products  of  reaction.  It  Is  clear  that  this  gerreralizatlon  is  not 
without  exceptions.  For  example,  in  the  exhaustive  methylatlon  of  piperidine  the  last  stage  gives  a  quantl* 
tative  yield  of  piperylene  instead  of  the  “normal*  reaction  product  "“a  hydrocarbon  with  isolated  bonds  (11 

We  have  established  that  decomposition  of  a  pyrrolidine  base  gives  an  “arvomalous*  product  with  con¬ 
jugated  bonds  in  place  of  the  anticipated  product  with  isolated  or  alleoic  bonds,  (2). 

The  fo*-egolng  facts  show  that  decomposition  of  completely  substituted  ammonium  bases  containing 
an  unsatuxated  radical  a*  one  of  the  substituents  leads  to  forraaCon  of  compounds  with  conjugated  bonds  in- 
$ie»d  of  “normal*  compounds  with  Isolated  a  allenic  bc~ds. 

JJ  this  Livestlgaiion  we  have  studied  the  decomposition  of  trLmethylcrotylammonium  hydroxide 
CH,CH=CHCl^N(CH^,Oa 

In  the  event  of  a  “normal"  course  of  the  decomposition,  the  final  product  would  by  methylallene, 
whereas  an  "ano.malous*  course  could  lead  to  either  boradiene  cr  dlmetbyiacetylcne. 

Ou;  expe^ents  showed  that  the  oniy  lyd’oca'bon  formed  in  the  decomposltlor.  of  trimethylcrotyl- 
ammoalum  hyioxide  is  butadiene. 

The  starting  material  for  the  p’epa.'auca  of  C'itnethylc’otylainmonium  hydroxide  was  crotyl  alcohol, 
treatment  of  which  with  PCljgave  c-otyl  chloride. 

In  the  Raman  spectrum  of  c.otyl  chlo’lde  me  double  bond  was  represented  by  the  1673  cm"^  line. 

The  absence  rom  the  spectrum  of  a  Line  Lv  the  1640  cm  *  reg'on  slioWs  tliat  our  crotyl  chloeidc  was  sub- 
stan’ially-  tee  from  Jis  allyl  Isomer  -3<hlo-cbu^e-e  1. 

Reaction  of  croty'l  cnlorioe  with  excess  of  t'.jpethylam.ve  gave  LTimcthylciotylammonium  chloride. 
D’stUlaf  on  of  the  lattet  with  a  small  excess  of  40*50  aqueoas  KOri  uecompojed  It  with  formation  of  butadiene. 

E  X  P  E  R  ■  V  E T  A  L 

Crotyl  chloride.  40  g  crotyl  alcobol  p’epired  bv  -ecuetton  of  crotonaldehyde  with  aluminum  Iso- 
propylate  [3]  was  rn'xed  with  6  g  pyi.d.pe  and  r-'  f'Oir  a  d-opp  ng  funnel  ‘nro  a  flask  coniamUig  30  g  PCI* 

The  contents  of  the  flask  were  tho-ougrly  stj'ed  while  cooli'g  w'tn  'ce  water.  Afte^  all  of  tne  alcohol  had 

bee'  added,  sL*"’’lng  was  continued  fo-  another  f-oo*  at  oorr  temperature  Tne  conteris  of  the  flasK  were  then 
poured  'jito  cold  water.  The  chlor'de  was  extracted  w'’h  cihef.  The  ether  solution  wis  dried  with  calcium 
chlor'de  and  the  ethc*'  d'.stilled  off  to  leave  26  g  chloride  w  in  b.p  83'84',  1.4352. 

Rarran  spectrum  352  (8j  48S  (2;  672  i6;.  782  {5)  1077  (3)  1181  (4).  1243  (5).  1314  (4).  1384  (2). 

1440  (5).  1673  (10). 

Tr  jn>.'ih\4crotyIatnii'’on*um  chlor'de.  26  g  c'otyl  chloride  was  treated,  whue  being  cooled,  w.th 
douLle  the  theoretical  amount  of  trimcthylain'ne  The  mj.\t!;''C  was  !*cld  at  room  temperata'c  for  40  hours 
Tne  ptecipltated  trimeihyic’otylammonium  chlo'ide  was  fjte'ed  off,  washed  several  times  w.ih  absolute 
einer  and  dried  in  vacuum. 

0  1448  g  substance:  9.70  ml  0.1  N  AgNOj.  Found  Cl  23.77.  Calculated  Cl  23.74. 

Preparation  of  the  hydrocarbon  Into  a  flask  were  charged  15  g  trureihylcroiylammonium  chloriue 


r 


a  small  excess  over  the  theoretical  of  40^  KOH  solution  free  from  carbonate.  The  distillation  flask  %#as 
conj^ctcd  to  a  condenser  and  the  receiver  was  cooled  with  ice  water.  The  volatile  products  not  condensing 
at  0*  were  trapped  In  a  test  tube  cooled  with  dry  ice.  The  ammonium  base  started  to  decompene  dnrlng  dit- 
tUlatioR.  Heating  was  continued  until  the  formation  of  decomposition  products  had  substantially  ceased.  The 
contents  of  the  receiver  wee  acidified  wUh  sulfuric  acid  solution.  No  Insoluhle  compounds  were  detected. 

In  the  test  tube  (cooled  with  dry  Ice)  was  a  readily  mobile  liquid  which  distilled  without  residue  below  0*. 

'is  vapor  was  passed  through  a  sulfuric  acid  washer  for  removal  of  any  trimethylamlne.  after  which  it  was  trsi^ 
fe-xd  to  a  flask  containing  bromine.  A  crystalline  bromide  with  m.p.  114*  was  farmed.  After  crystalllzatioa 
fx^m  alcohol  the  m.p.  was  117*.  A  mixed  melting  test  with  butadiene  tetrabromide  did  not  give  a  depresslne. 

SUMMARY 

Decomposition  of  trlmethylcrotylamroonlum  hydroxide  gives  butadiene.  Formation  of  appreciable 
amounts  of  the  •'normal"  product  ’-methylaUene  —was  not  observed. 
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THE  ORDER  OF  ADDITION  OF  ALCOHOLS  TO  T  RIMET  H  Y  LE  T  H  Y  LENE  OXIDE 
A.  A.  Petrov,  B.  V.  Gantseva,  and  O.  A.  KUelev* 


Id  previous  Investigations  one  of  the  preseni  auiho’s  established  the  general  rule  that  the  order  of 
TO  asymmetrical  organic  a'Oxides  of  diffeient  sabstarces  Is  determined  by  ihelr  acid-base  character  w  by  die 
rature  of  the  catalytf  used  [11  In  an  alkaline  medium  the  addition  proceeds  exclusively  (or  almost  so)  accord* 
ing  to  the  Kiarkovnikov  rale  [Z],  whereat  in  an  acid  medium  isomeric  compounis  are  obtained  to  a  greater  oe 
lesser  exient.  Thus.  In  the  presence  of  alcobolates,  the  palmary -secondary  propylene  oxide  reacts  with  alcohols 
to  give  primary  ethers  of  propylene  glycol,  but  in  preservcc  of  acMs  or  boron  fluoride  a  mixture  of  primary  and 
secondary  ethers  Is  formed.  The  primary-tertiary  1,2  ■epoxy-^  roethylpro pane  in  presence  of  alcoholates  forms 
P’lmaiy  ethers  of  isobutylene  glycol,  and  In  presence  of  acids  n  boron  flumuie  it  gives  tertiary  ethers  of  Iso¬ 
butylene  glycoL  Such  in  order  of  addition  of  alconols  to  propylene  oxide  is  confirmed  by  a  series  of  investi¬ 
gations  by  foreign  authors  [3,4}.  In  precisely  the  same  way  ine»e  is  a  sharp  difference  in  the  order  of  addition 
of  alcohols  to  butadiene  oxide  depending  upon  the  cha'acter  of  the  caulyst  [5,  6.  7];  this  is  also  true  of  other 
i^r.satorated  oxides,  for  example  sty^ene  oxide  [8l  2  methyl -l  b-tene-3-yne  oxide  [91  etc.  This  law,  discovered 
fc:  the  reaction  of  asymmetrical  oxides  with  alcohols,  evidently  has  a  general  character  and  may  be  extended  to 
trss  reaettons  of  these  oxides  with  other  components  In  panlc‘dat  to  hydrogenation  reactions  [10.  Ill 

As  a  further  contribution  to  knowledge  in  this  field,  it  was  of  undoubted  Interest  to  audy  the  order  of  ad- 
dTion  of  alcohols  to  the  secondary-tertiary  trimethyiethyleoe  oxide  and  to  compare  It  with  the  order  of  addition 
of  the  same  compounds  to  primary  secondary  and  primary-tertiary  a-oxidcs. 

Trlmethylcihylene  oxide  is  a  repiesertaUve  of  a  class  of  linle  investigated  subsunces,  U  was  first  pre- 
ps-’ed  by  Eltekov  [12]  by  The  actlnr  of  caustic  alkali  on  tr'methyietkylene  chlorohydrln.  SOjdles  have  been  made 
of  t.Te  addition  to  it  of  water  [121  hydrogen  hal'des  [13]  crganometalllc  compounds  [14-161  and  ammonia  and  ' 
ainlnes  [17-201  Ammonia  and  amines  (dim  ethyl  am  me  dleihylairine,  piperidine  and  benzylamlne),  as  bases, 
add  on  strictly  according  to  the  kiarkovnlkov  rule.  With  hyd’ogen  chloride,  the  reaction  proceeds  contrary  to 
the  Ma.rkovnikov  rule  and  the  main  product  is  the  secondary  alcohoL 

Of  considerable  interest  is  the  reaction  of  trimethyletcylene  oxide  with  simple  and  mixed  organoroeial- 
11c  cempounds  In  both  cases  the  reaction  p’oceeds  '■i'i.t’  ’■•ipr  i’e  of  the  oxide  bond  at  the  secordiry  carbon  atom 
V.  '.!i-  ioMnation  of  lertlAry  alcohols,  ir  tl'^s  ‘.nstance,  tr-e’CTo’e,  o  ganoinagncsiuin  compounds  react  like  alkaline 
c  oiTi  po^e  nis. 

A.  A  Tyazhelova  [21]  has  studied  the  ’eact'o»i  of  rlir.eihylelhylenc  cxide  with  alco’r.ols  in  presence  of  al- 
coholates.  She  obtained  monoelhers  of  rjiniethyleir.yleoe  gljcoi  from  ethyl  throjgh  Isoamyl  but  their  ttructuje 
was  .Toi  established.  Nor  was  the  effect  of  liic  nature  me  caulyst  examined. 


Our  experiment*'  have  shown  ttiat  trime*hylelh>Vne  ox:dc  and  alcoliols  give  er»tL»ely  different  substances 
!»’  acid  and  alkaline  media. 

Reaction  of  ulmethyl ethylene  oxide  with  alcotiols  would  be  expected  to  yield  secondary  or  tertiary  ethers 
of  t-'methylethylene  glycol  according  to  the  scheme: 

*Cn(Olb-rH, 

/ 


(CH^C-CH-CH,-\ 

^ -CH^OH) -CH* 


Addition  of  ineihvl  and  ethyl  alcohols  ir.  p'esenre  c^^sodUim  alcchoiate  gave  exclusively  secondary  ethers 
of  2-iiiethylbutanediol  [2,3}  Tl»e  ethyl  ether  of  this  glycc]  as  already  noted,  was  prepaied  by  A.  A.  Tyazhelova, 
It 's  also  reported  that  It  can  be  prepared  by  the  acilo"  of  ir'iinyl  iragreslum  Iodide  on  the  ethyl  ester  of  a* 
ethoxypropJonic  acid  [22],  as  well  as  by  other  methods  [23}, 


with  the  ilm  of  eUtcidtUiig  the  structure  of  the  ptoducu  of  jeectlon  of  tiJme thylethylcne  pxlde  with 
ipethyl  ethyl  alcohpU  In  in  elJallne  medium,  we  prepeied  the  emicipAted  accoadwy  ethers  of  rlmethyl- 
ethyleric  glycol  by  the  ectloa  of  mo  hyl  magneafam  Iodide  on  the  methyl  ester  of  a  methoxyirop^Q-c  scld 
and  or  the  ethyl  ester  of  a'Ctboxypaoploalc  aclrL 

The  constants  of  the  ethers  prepared  from  trimethylethylene  oxide  and  from  the  full  esters  of  lactic 
acid,  as  set  out  la  Table  1,  are  seen  to  be  substantially  Identical,  Since  the  structure  of  the  esters  prepared 
by  the  latter  method  is  not  subject  to  doubts.  It  is  established  that  the  substances  prepared  from  the  oxide  are 
secon.Jx’-y  monoethers  of  L’lmethylethylene  glycoL 


TABLE  1 


Sbbsunce 


(CH,)C(OK,~ 


IISHO 

ng 

M 

5R _ 

Found 

Calci. 

131-132.5 

0.8963 

1.4130 

32.88 

33.08 

131-132.5 

0.8934 

1.4128 

32.97 

33.C8 

142*143 

0.8756 

1.4120 

37.59 

37  69 

1^2-141 

142-143 

0.8754 

0.8732 

i.4136 

1.4118 

37.68 

37.65 

37.69 

37.69 

140-141 

1.4111 

1 

143-144 

0.9177 

1.4220 

32.72 

33X8 

1 

152.5-lM 

0.8982 

1.4208 

37.31 

37.69 

Vkthod  of  preparatloa 


From  trimethylethylene  oxide 
in  i^eseEce  of  alcoholate,. 

From  methyl  ester  of  meihoxy- 
proplonlc  acid. 

From  trimethylethylene  oxide 
in  presence  of  alcoholate. 

Details  by  A.  A.  Tyazhelova  [211 
From  ethyl  ester  of  ethoxy  p.opionlc 
acid. 

Details  by  Stevens  for  the  L-form  [23]. 


jfmm  trimeihylethylerje  oxide  in 
'presence  of  bo’oa  fiuo'ide. 


The  te'ta.‘y  chajacte^  of  the  hydroxyl  in  these  substances  was  confirmed  by  l~ve$ilgat'on  of  rheu  behav'jw 
toward  »xei:c  a'nyd-‘de  Acetic  anhydride  in  presence  of  a  drop  of  sulfut-c  acid  gives  the  acetites  in  SO^Jo  yield, 
n  tiie  conditions  of  this  •eaciion.  considerable  dehydrailon  of  the  glycol  cthe:  tal.es  place  with  fcxmatiop  of  methyl 
sop’opyl  ketone 


The  constants  of  the  acetates  are  given  in  Table  2. 

Ta  PLE  2  p  esence  of  sul- 

_ _ _ _ _ _ _  AC’d  Q  boro*-  fliiO-'de 

Compound  I  ;  P-  ^  - ^ihyl  alcohols 

_ _  *C _ _ _ P  Foi:nd  Calcd  add  to  'menyle^r.ylcne 

(Cm^.C(OCOCh,;-CH(OCH.)-CHj  i  158-161  0.^460  1.4118  42  12  f  42  14  ox'de  w  tr.  ^ormatio.n  oMno'O 

C(OCOCH0“CH(OC  HvI-ChJ  leSr  l'lO  0  f'243  1.4108  i  46  78  ,  47.06  eihert  o'  f  ,ircthylet.ny:ere 

•C^'.^.C(OCn.^-CH(OCOCH.)-CH,  '  168-170  0.0523  1.4140  U2.04  42.44 

I  i  .  consta-is  ftim  the  sl'eady 

cha'a/ te’‘.2cd  seconds.'y  mo’ : 

ethe  s  Snee  add'i'on  of  alcohols  to  trimethylethylene  ^'x'de  only  yield  two  fo.'ms  of  ironoeihc's  we  sre  pot.no  'c 
aif’b'j’c  to  the  s*;bstances  fOMned  .in  presence  of  aetd  catalysts  the  srructu'c  of  terfa'y  c’nets.  Triu  st  vciu.  e  wjs  con 
f  rmed  by  'he,  ox  dar  on  wth  chromic  acid  iiilxture  to  the  p'ev^o-jsly  described  ethe-s  of  d'melhvLsct*. *yi  ,  a'Dt.'’0‘ 
wh  rh  we  e  dc'i-f'ed  by  the_'  m»clting  point  ard  the  analyses  of  their  seir'carbazones. 

D«e  »o  tlic  fa't  that  the<e  eiheis  contain  a  sf.condary  hydroxyl  groop.  they  a*c  more  eas'ly  aretyl«iea  by 
acet'x  anhyd  ide  than  a’e  thet*  L<.omers  with  a  tertia'y  alcohol  group.  Tne  acetate  of  'h.'.s  inc-oethe’  also  diife  s 
f-om  LPe  some’  ir  possessing  a  pleasanier  odor,  Tlic  consunu  of  the  acetates  arc  given  Ln  Table  2. 

Consequently,  this  Investigation  has  established  that  the  sccorrdary-tertlary  trlmeihylcihylere  oxide  ’cwmblss 


(CH^,C(OCOCn<,;-CH(OCH.)-CHj  ;  158-161 
CC^<.)  C(OCOCH0-CH(OC  Hvl-CH,  *  16J>170 
•C^-.y.C(OCn.^-CH(OCOCH.^CH,  '  168-170 


“4 

”d 

F  Oi:  nd 

Calcd 

0.9460  1 

1.4118 

42  12 

i  42  14 

0  (^243 

1.4108  ; 

;  46  78 

,  47.06 

0.9523 

1.4140  i 

.  1 

'  42.04 

1 

42. 44 

770 


the  p^lni  AryHcrtlAry  l«2*€poxy'^-inethylpropuie  i?i  its  behAvin  towArd  Alcohols  in  presence  of  bAsic  end  Acld 
cAtAlysts:  it  forms  differing  producu  in  AlkAline  And  Acidic  media. 

EXPERIMENTAL 

The  stAftlng  mAterlAl  for  this  InvestlgAtlon  was  dlmcthylethyl  caiblnol  prepAied  by  Grlgnard  synthesis 
from  ethyl  bromide  And  Acetone. 

Dlmethyletliyl  cAiblnol  was  converted  into  the  Amylene  by  slow  dlstillAtlon  In  a  dephlegmator  on  a 
wAtcr  bath  over  aii  equal  amount  of  crysUlUne  oxalic  acid  (the  alcohol  was  added  dropwlse  to  the  heated  acid 
with  continuous  distillation).  From  150  g  carblnol  was  obulned  86  g  trimeihylethylene  with  b.p.  37.5-38.6*, 
Yield  72%. 


Trimethylethylene  was  converted  Into  the  chlorohydrln  by  the  action  of  a  solution  of  monochloioiBea 
by  the  method  previously  described  by  one  of  us  [13],  From  86  g  trimethylethylene  was  obtained  84  g  chloro¬ 
hydrln  (yield  56%)  and  5  g  water-insoluble  products. 


The  chlorohydrln  was  converted  into  the  oxide  by  slow  distillation  over  concentrated  KOH  solution  on 
the  water  bath  (the  chlorohydrln  was  run  dropwlse  Into  the  heated  alkali).  From  84  g  chlorohydrln  was  obtained 
46.5  g  oxide.  Yield  79% 

The  trimethylethylene  oxide  with  which  we  worked  had  the  consunts:  b.p.  73-76*;  d^  0.8065,  n*p 
1.3860.  Previously  found  consunts  were:  b.p.  73-74*,  d^*  0,8098,  1.3860. 

Trimethylethylene  oxide  w\s  reacted  with  alcohols  lir  the  following  conditions. 


!n  2  moles  of  the  alcohol  was  dissolved  0.75  g  meuUlc  sodium,  and  to  the  solution  was  added  8.6  g 
(0,1  mole)  oxide.  The  mixture  was  heated  In  sealed  glass  tubes  at  100*  for  20  hours,  after  which  the  tubes  were 
opened  and  ilie  reaction  ml.xture  fractionated  In  an  efficient  dephlegmator.  The  yield  of  ethers  was  45-50%.  In 
one  experiment  with  methyl  alcohol  when  hearing  was  for  a  loul  of  6  hoars  at  the  boiling  point  of  the  alcohol, 
the  yield  of  edier  was  negllgCjly  smalL 

Analytical  dau  for  the  prepared  ethers  a^e  set  forth  In  Table  4. 

The  suriing  maierul  for  the  preparation  of  secorda’'y  ethers  of  trimethylethylene  glycol  by  arunber 
method  was  ethyl  bromoacetate. 

90  g  ester  was  graiually  added  th’ouglj  a  reflux  condenser  to  a  solution  of  Na  alcoholate  prepared  hx>m 
30  g  sodtum  and  200-260  ml  methyl  ci  ethyl  alcohol  After  boiling  for  2-3  hours,  addlUon  was  made  to  the  mix¬ 
ture  of  water  after  which  it  was  distilled  until  the  whole  of  the  alcohol  had  been  removed.  mixture  was  then 
acidified  With  25%  sulfuric  aclu  and  the  alkoxyproploa'x  ar  id  was  extracted  witn  fether.  The  yield  of  methoxy- 
piopiontc  acid  was  68%.  that  of  ethoxypropionic  acid  71%. 


The  constants  of  the  prepared  compounds  are  presented  m  Table  3  with  the  Ine'^atu’e  data. 


TABLE  3 


Sub  sun  oe 

B  P. 

pressure 
(IT  mm) 

MRq 

•c 

a* 

. 

•  D 

Found 

Calcd. 

GH,-CH(0CH,)-C00H 

87-«8 

*-  — 

,0 

1.0915 

L.4148 

23.87 

23.85 

duio  pej 

87-69 

10 

— 

C  Hj-C  H(OC,  HO  -  COOH 

05 

10 

1.0375 

1  4156 

28,54 

28.47 

ditto  [24] 

97 

* 

C  H,  -C  H(OCHj)-COOCH, 

130*131 

76u 

0.9ir69 

1.3068 

28.52 

28. 47 

ditto  [24] 

129.5 

752 

1.CU24 

1.3068 

28.37 

28.47 

C  H,-C  H(OC:,  Ht) -CCXX:,H, 

163- 

760. 

0  W02 

1.4012 

37.79 

37.71 

duio  [24] 

153.6 

155 

760 

0.0446 

1.4012 

37.62 

37.71 

The  alkoxyp.opionlc 
ac’ds  were  converted  into 
the  ror’espondlng  esters 
by  saturation  of  thetr  al¬ 
coholic  solutions  with 
hydrogen  chlcride.  After 
stand  irig  fo'  24-48  hours, 
these  solutions  wc’c  neu- 
t*al’.i:e<J  w’lh  sodium  car 
bonatc  and  rhe  'eaction 
P'oducis  we  e  extracted 
with  etlier. 

Tne  yield  of  methyl 
a-meihoxyproplon/re  was 
68^.  that  of  riie  ethyl  a- 


ethoxy propionate  was  77.5%.  The  constants  of  the  esters  are  presented  in  Table  3. 


Methyl  nitsrfiiiiitti  iodiilc  was  re*cwd  w:ih  both  of  ibc  esters  in  the  foUowlng  condUlons.  To  a  solution 
of  CH^Mgl,  prepared  f*om  9  3  MB*  was  added  (with  mechaalcal  stiniag  and  Ice  cooling)  an  ethereal  tolutioii 
of  the  ester  of  the  alkoxypropionlc  acid.  After  standing  for  a  few  hours,  the  reaction  mixture  was  carefully 
pou’ed  Into  a  mixture  of  ice  and  a  saturated  ammonium  chloride  solution.  The  etheieal  solution  was  separated. 
The  aqueous  aolution  was  again  exU'acted  with  ether.  The  ethereal  solutions  were  washed  with  saturated  am¬ 
monium  chlo’’lde  solution  and  then  with  water  and  dried  over  calcined  sodium  sulfate. 

Yield  of  methyl  ester  725fc  of  ethyl  ester  18^  Constanu  are  givea  In  Table  1. 

Acetylation  of  the  esterswas  studied  in  the  following  conditions.  To  a  mixture  of  4.2  g  methyl 
ester  and  5.5  g  acetic  anhydride  (50^  excess)  was  added  with  cooling  a  drop  of  sulfuric  ac!i.  Heat  was  de¬ 
veloped  after  a  short  period.  The  ’eactlo~  mixture  was  washed  with  water  and  with  saturated  axlium  car¬ 
bonate  x)lutlxni  and  then  distilled.  The  following  fractions  were  obtained:  1)  90-100*.  2)  10^160*}  3)  155- 
161*;  4}  residtte. 

WUh  ^^liirophenylhydrazlnc  In  acetic  acid  solution,  the  first  fraction  gave  the  characteristic  ^mltro* 
phenylhydiazone  of  roethyllso;»opyl  lietone  with  ra.p.  103-104*  (from  alcohol). 

The  th-lrd  fraction  was  redistilled.  The  greater  part  came  over  at  158- 161*  and  consisted  of  the  acetate 
of  the  sJcohol  concerned.  Yield  50^  The  constants  appear  in  Table  2  a^d  the  analytical  data  in  Table  4. 

Addition  of  alconols  to  trlmethylethylene  oxide  was  studied  in  the  following  conditions  In  presence  of 
sulfuric  acid.  To  a  solution  of  6  g  oxide  In  75  ml  methyl  alcohol  was  added  0.5  ml  concentrated  sulfuric 
ac'd.  The  tempe’^atu’e  -ose  quickly  to  45-60*.  After  sundl.’g  for  several  hours,  the  sulfuric  acid  was  neu- 
rral'zed  with  caustic  al>*li  a^d  the  mixture  distilled  through  a  dephlegmator.  !n  this  way  about  3  g  ether 
(yield  25^)  with  the  con  starts  listed  in  Table  1,  was  obtained. 

Treatmeri  of  a  solution  of  3  g  oxide  in  75  ml  methyl  alcohol  w.tth  0.5  ml  boron  fluoride  etherate 
caused  con  side  able  heat  to  be  developed.  The  subsequent  usual  treatment  of  the  mixture  gave  about  5  g 
cthe*.  Yield  42<5i 

In  the  same  cO'id‘t'or.s  the  ethyl  ethet  was  also  ubtamed  in  a  yield  of  42^.  A  by  product  was  methyl- 
•sop'opyl  lietoric. 

Oxidation  of  thecrtiary  methyl  e:he»  of  t’unetljyjethylene  glycol  was  performed  In  the  following  con- 
difons.  To  a  solution  of  2  g  of  the  ethei  and  0.9  g  of  sodium  bichromate  In  25  ml  acetic  acid  (80%)  with 
stirring  and  coolf-g  (20-25*)  was  added  d'opwise  a  double  excess  of  25^  sulfuric  acid.  After  neutralization 
of  the  mlxiu’e  the  oxidation  p'oducts  we»e  exT»acted  with  ether.  .  In  this  way  about '  g  of  substance  dU- 
tt’ing  at  122-1-2“  and  wth  1.4100-  wis  obulr.ed.  Tne  constants  reported  ‘.n  the  literature  for  dimethyl- 
aretyl  ca-b^’-ol  [253  a-e  b  p  12 4  127*  and  n’jj  1.4100. 

From  the  p'oducts  of  ox'datiori  was  obtained  a  sem‘cA*bazone  with  m.p.  162*  wh-'oh  agrees  wUh  the 
Tie-atu-e  data  fo-  the  inethvi  ethe*  of  dimctnylacetyica-birol  semlca’bazone. 

4.65  ing  s. bsiar.ee  9  3  ml  \  (1  '  759  mm)  Found ‘Jo.  23.84.  Calculated ‘Jo.  N  24.26. 

From  tiic  P'odocis  of  ox’daiion  in  the  same  cor.d't'ons  of  the  ethyl  ethe’  of  ’Jimcthylethylerc  glycol  was 


TABLE  4 


Substance 

Wt  of  sample 

[  CO, 

1  H.O 

;  FouJi 

d  %  ! 

[  Calcuated  % 

(mp) 

!(n’g) 

ftn’g) 

i  C 

i  C  ! 

!  H 

C(0H)  -CH» 

1 

1 

1 

1  j 

12.  M  1 

1  27  22 

1  13.18 

1  i 

j61.19  i 

12.15 

eo.'js 

11  94 

(C  H  i,,  C  (O  H;  -  C  H(  OC*  -  C  h. 

1 

1022 

00 

!  11  26 

1 6  3.  oO 

12.33 

63.60 

12.20 

(CHj,C(OCHj)-CH(OK;-CH, 

j 

9  22 

20.36 

!  9.73 

•61.15 

11.81 

60.98  I 

11.94 

(CH.>,C(OC,  -CH. 

17  48 

40.78 

!  19.39 

63.66 

12.-J2 

63.60 

12  20 

(CHjj^CcOCOCH^-CH^OCHj)  - 

•CH,  1 

9.12 

19. 96 

'  8.:2 

|59.72 

10  21 

59.97 

10  07 

(CHv  C(OCOCH0-CH(OC,Htj- 

-CH,! 

19.15 

43.25 

18.00 

j61.64 

10.62 

62.04 

10.41 

(C  H  v.C{OC  Hj) -C  rt(OC  OCHj;- 

CH,  1 
•  1 

11.22  I 

25.13 

!  1C.41 

! 

1 59.73 

10.15  , 

59.97 

10.07 

1 

obtained  a  sc.n 'ca*bazone  with  m.  p  172*.  which  agrees  with  the  llre^ature  data  f<r  the  semicarbazone  of  the 
ethyl  ethe’  of  the  d  methylacetyl  catbinol. 
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Acetylfctioji  of  the  tertiiry  rrethyl  ttbe:  of  L”lir.ethylethvlene  glyrr*!  was  performed  Ib  tbe  same  coedi* 
t'oj's  as  for  the  ijomer.’x  ethe:rt.  The  yield  ci  aceute  was  75^  Constants  appear  in  Table  2  analytical 
dau  In  Table  4, 


SUMMARY 

!•  The  addition  of  alcohols  to  trlmetbylethylene  oxide  was  Investigated  la  presence  of  alcobolate^ 
s'il^ulc  acid  aad  bormt  flnorlde. 

2.  It  was  established  ihai  Is.  p.'esetice  c-f  akofoUres  the  addition  of  alcohols  follows  the  MaiRovnibov 
rile  aid  the  secondary  mosoethers  of  riiT»eihyletl'yle’'e  glycol  are  formed.  The  latter  were  jKepared  by  a»” 
other  method  “by  the  action  of  mettyl  irag.jei!:iiir  '.od'de  ua  esten  of  a-alkoxypioplonlc 

3.  In  presence  of  salfulc  acid  and  boros  Taoride  the  addition  of  alcohols  proceeds  with  formatJoa 
of  tertiary  ethers  of  trlmethylethy’ene  glyccL  The  itr*ctii*e  of  the  latter  was  confirmed  by  oxidation  la 
ethers  of  dlmethyUcetyl  carblnol  which  have  bees  <lesc:J>ed  in  the  liierauire. 
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ALKANE  SULFONIC  ACIDS 


VUL  SYNTHESIS  AND  PROPHITIES  OF  ACYLAMIDES  OF  2-MFrHYLErHANE- AND  BUTANES ULFONIC  ACIDS 

A.  G.  KostsovA 


Wc  hAve  described  *cet-,  proplon*-And  benzAmides  of  chloioirethAoe*',  a^blocomethAse-,  rnethAne* 
And  eillAne sulfonic  Acids  [11  As  AlrcAdy  noted^  of  these  deilvAtlves.  the  beitzAirldes  possess  An  extremely 
sweet  tAste  (specif icAlly,  only  the  benzAinldes  of  Alloae-  And,  In  pArUcuiAr,  a-chloioAllcAnesulfonlc  Acldt). 
The  benzAmides  of  benzylbenzctiesuiforuc  Adds  do  not  possess  Alt  property.  We  th,:s  drew  Atteation  to  the 
role  of  the  Alkyl  And  chloroAlkyl  rsdlcAls  In  ImpertlJig  a  sweet  tzste  to  these  compounds.  This  property  Is 
induced  not  only  by  the  alkyl  lAdical  but  Also  by  its  combination  with  the  SO^NUCOC^  grouping,  since 
Aceumides  And  propionamSd.^s  with  the  same  Alkyl  rAdlcals  Ate  not  sweet. 

In  the  present  Investigation  we  prepared  and  chaiacterized  the  Acet-,  proptcn-' Arid  benzAmides  of 
2  mcthylethane-  and  butane  sulfonic  acids.  Apart  from  ihelr  preparation,  we  were  Intere^d  in  the  effect 
of  'rc’eas'ng  chain  length  on  the  sweetness  of  be.rzamldes.  !i  was  found  that  the  benzamlde  of  2-nieihyl- 
e  thane  sulfonic  acM  possesses  a  ma’kedly  sweet  taste,  although  weaker  thaj  that  of  the  derivatives  of  chloro* 
methare-  o  cWopoethane-,  methare'-  and  eihanesulforJc  acids.  The  benzauiide  of  butane  sulfonic  acid  Is 
pe’fectly  tastelesa 

The  observations  made  in  this  ir.vesngiition  perrrli  the  conclusion  that  the  sweetness  is  weakened 
with  Ircreasjpg  chain  length  and  Prally  disappears.  !l  seems  p^bable  tha:  a  special  function  Is  exercised 
It  -espect  to  this  p^opc^y  by  methyl  a"d  chloromethyl  groups  a'jecily  linked  to  the  benzoyl  so  ifaraino  group- 
With  -Increasing  dlsiince  of  these  radicals  tom  the  benzoylsulfam^no  grouping,  the  sweemess  disappears. 
The  taste  of  these  compounds  was  only  deiermi».ed  o-gat;olepttcaliy  The  compounds  which  we  prepared  are 
cystaliite  bodies:  the  acetam'des  and  p’-opionamides  have  good  solubillry  In  water  in  the  cold,  but  the  ben- 
zaxrides  are  only  soluble  when  hot.  b  aqueous  solutlcns  they  a^e  all  weakly  acidic  (pH  4-6);  they  readily 
d^solve  In  caustic  alkalies.  The  general  equation  fa:  the  reaction  is;  RSOi^Hi  ♦  R'COCl  -*•  RSOjNHCOR'  ♦ 
+  HO. 


EXPERIMENTAL  • 

1.  Preparation  of  2-TnetliyIetha*'c‘S<ilfonamliie.  C  2  g  2  mcthylethane  sulfochloMde  was  dissolved  m 
60  ml  absalute  benzene,  bto  t.ne  solution  in  the  coarse  of  half  an  hoar  was  passed  a  slow  stream  of  d’’y  am¬ 
monia  at  0*.  after  which  the  tempe-ature  was  raised  to  50*  and  the  amirionia  was  passed  tn  for  asothe''  half 
hOuT  At  the  end  of  toe  n^acilon  the  p.ecipiiate  of  arnmoniuip  cltloiide  was  f'itered  off.  The  benzene  was 
d.isnUed  off  f'om  the  benzene  filtrate  on  the  water  bath  and  the  oJy  ’esidue  was  distilled  tn  vacuum.  The 
^nreacted  sulfochJot^de  came  over,  lesvlng  i"  the  flask  the  amde,  wh:ch  solidlf‘.ed  on  cooltng  to  a  greytsh- 
yellow  mass.  The  amide  was  extracted  from  the  dlst'Jlation  flask  arid  ’ecrystall’zed  f^om  benzeoe.  The  fU- 
tc’ed  arnmonlurr  chloride  was  repeatedly  extrarted  with  benze’^e  (using  the  bcr.zene  d’stUled  off  from  the 
'cacti-on  mixtu'c).  On  cooling,  the  extract  acpos.ted  wti'ie  crystals  of  2  methylet»',arcsi.’ifam<ie.  Total  yield 
of  amide  1  5  g  or  3f/>cof  theory.  M.  p.  60*. 

2.  Preparation  of  butaneSulfonamde.  5  g  butanesulfochlo’ide  was  dissolved  'j;  50  ml  serosc'e.  mio- 
ihe  elution  was  jvassed  a  sfeam  of  dry  ammon'J  at  “5*  for  15  m’-nuies.  At  the  conclusion  of  the  ’■eactloU; 
tlie  kerosene  was  separated  and  the  amide  was  isolated  from  the  residue  (rnlxtu-'e  of  amide  and  ammor.ium 
chlor-de)  by  repeated  extraction.  Meld  2  25  g  or  5l‘5i)of  the  tlieo^eilcal.  SllghUy  yellow  crystals,  geasy 

to  the  touch  m.  p.  43-45*. 

3-  Prcjva’atlon  of  the  acctam'dc  of  2-mcthylethapey;lfon\~  ac-fd  **  0  5  g  2  methyl  ethinesalfonjmlde 

•  V  I.  Dub  Inina  and  V.  A.  Malakhov  took  part  lo  the  experlmenul  work. 

••  Acet-  and  prop.'.onaraldes  were  prepared  by  the  same  method. 


tad  0.48  g  tcetyl  chloride  were  uken.  The  mixture  wts  refluxed  on  t  bolliag  wtter  btth  for  if  houri.  At 
the  end  of  the  reaction  the  cooled  mixture  jolldlfled  to  t  dense  grey  mtii.  The  product  wt*  recryiulllzed 
from  benzene.  Mp.  89*.  Yield  0,5  g  or  71^  of  the  thcoreUctl.  Slmlltr  reailu  are  obtained  by  carrying 
out  the  reaction  with  acetic  anhydride.  2-MethylethaneaUfoacetamlde  Is  hygroscopic  and  has  a  sou-t  tane. 

0.1118  g  substance:  6.67  ml  0.1  N  H,S04.  0.1506  g  subsunce;  0.2114  g  la  SO4,  Founder 

N  8.35;  S  19.24.  qH^O^NS.  Calculated  N  8.48;  S  10.38. 

4.  fteparatlon  of  the  acetamide  of  butanesulfonlc  acid.  1  g  butanesulfonamlde  and  0.9  g  acetyl 
chlo’-ide  were  taken.  Yield  of  buur-esulfoaceumlde  1  gor  10^  of  the  theoretical.  White  jdatelett,  m.p, 

68*  sour-astringent  uste,  hyposcoplc. 

0.1168  g  substance:  6.57  ml  0.1  N  HSO4.  0.1032  g  substance:  0.1325  g  BaSO*.  Found  % 

N  7.87;  5  17.66.  qHjiOjNS.  Calculated  N  7.82;  S  17.87. 

5.  ft* natation  of  ptop^onamlde  of  2-inethylethanesulfonlc  acid.  0.5  g  2-roethylethABesulfonanilde 
and  0.45  g  p’oplon.yl  chloride  were  taken.  The  crude  2-methylethanesullbpro’*'i)namlde  was  rec’ysiallized 
ftjm  a  mlxtum  of  benzene  and  gasoline.  M.p.  103*.  Yield  0.24  g  w  36^  of  the  theoretical.  Hygroscopic, 
souT  uste. 

0.1210  g  subsunce:  6.32  ml  0.1  N  SO*.  0.1012  g  subsunce:  0.1318  g  BaSP^  Found 

N  7.31;  S  17.32.  C^Hi*qNa  Calculated  %  N  7.85;  S  17.87. 

6.  Preparation  of  proplonamlde  of  butanesulfonic  acid.  1  g  buunesulfonamide  and  0. 8  g  prop- 
iffl-iy!  chloxule  were  taken.  Yield  of  butanesulfoproplonamlde  (recrysulllztd  from  gasoline -benzene)  was 
1.1  g  O'  81*5fcof  tte  theo-etical.  Colorless  plates,  m.p.  67*.  SouT-asulngent  uste,  hygroscopic. 

0.1230  g  subsunce.  6.39  ml  0.1  K  l^SQ^,  0.1640  g  substance:  0.1952  g  BaSO^  Found 

N  7.27:  S  16.31.  C-H^CjNS.  Calculated  •^jo:  N  7.20;  S  16.58. 

7.  Preparation  of  benzamide  of  2-methylethanesulfOTJc  acid.  0.5  g  of  2-tTiethylethaiiesulfonamjde 
and  0.75  g  oenzoyl  chloride  were  heated  on  an  oil  bath  at  150-160'under  a  reflux  condenser  for  2  hours.  The 
resultant  black,  viscous  oil  was  trarisfened  to  a  watch  glass  for  evaporation  of  the  excess  of  benzoyl  chloride. 

On  -^ubbing  wUh  a  glass  rod  while  cooling,  the  viscous  oil  solidified.  The  dark-grey  2-rrethylethanesulfo- 
beru'amide  was  recrysialllzed  f'om  alcohol  and  water.  Mp,  119*.  Yield  0,4  g  or  55^  of  the  th^'cilcal. 
Colo-less  ciysuls  with  a  slightly  sweet  taste. 

0.1620  g  subsiarxe.  6.88  ml  0.1  N  H1SO4.  0.1394  g  subsunce .  0.1444  g  BaSO^  Fo  jnd ‘5l>.  N  5.94 

S  14.20.  Calculated  ‘Jo-  N  6.16:  S  14.09. 

8  Preparation  of  ben^arrlde  of  butapc-sulfonic  add.  1  g  butane sulfonarride  and  1.2  g  benzoyl 
chloride  we.re  taken.  Funhe*  p-oreduie  as  in  Lhe  preceding  experiment.  Yield  of  baianesulfobenzamrde 
0.6  g  0:  33  of  the  theoretical.  Colo’^less  crystals  melting  at  65*.  Tasteless. 

0  1415  g  subsunre:  5.91  ml  0.1  N  HjSO^  0.1097  g  subsunce:  0.1033  g  BaSO^  Found  V 

*^5,84,5  12.91.  C^H^OJ\S.  Calculated^:  K  5.80:  5  13.27. 

SUMMARY 

1  Acei-  propion- and  benzamldes  of  2-me:hylethane- and  buta’^esulfortic  acids  we:e  p'ep<»*ed  »td 
cnaTacterjzcd. 

2,  It  was  noted  that  the  acet-  and  propionamldes  possess  a  sou'  o'  sour-asuirgent  taste,  2  methyl etiianc 
sulfobenzam’de  has  a  sweet  taste,  and  buianesulfolictizamide  Is  tasteless. 

4  It  Is  shown  that  the  sw'cet  taste  of  the  benzamide  s  of  alkane  sulfonic  acids  1$  weakened  w‘th  tncieaaing 
length  of  aliphatic  radical  chain  and  iinally  disappeajs. 
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THE  REACTION  OF  SULFURYL  CHLORIDE  WITH  VINYL  CHLORIDE 

N.  K.  Kochetkov 


It  is  known  that  the  reaction  cf  carboxylic  acid  chlorides  with  acetylene  or  vinyl  chloride  in  presence  of 
aluminum  chloride  leads  to  formation  of  6<hlorovlnyl  ketones  [1,2.3]  whose  high  reactivity  formed  the  basis  of 
a  series  of  methods  of  synthesis  of  heterocyclic  and  other  compounds  [4.5.61  In  this  connection  It  seemed  of 
inerest  to  Investigate  the  reaction  of  chlorides  of  sulfo  acids  with  acetylene  and  vinyl  chloride  in  jmsesxe  of 
al-mlnum  chloride.  For  investigation  showed  that  the  chlorides  of  aliphatic  and  aromatic  sulfo  acids  do  not 
enter  into  reaction  either  with  acetylene  or  vinyl  chloride  in  i^sence  of  aluminum  chloride  In  the  ccruHtions 
that  we  h*  d  found  suiuble  for  condensation  of  carboxylic  acid  chlorides  pl  Subsequently  we  investigated, 
^stead,  the  behavior  of  sulfuryl  chloride  in  the  uioe  conditions. 

When  sulfuryl  chloride  is  condensed  with  acetylene  in  presence  of  aluminum  chloride  In  carbon  tetra¬ 
chloride  solution,  it  is  almost  completely  recovered  unchanged:  only  traces  are  formed  of  a  substance  with  a 
pungent  odor  and  lachrymatory  action  which  is  apparently  5-chlorovlnylsulfoc’»iloride.  Condensatitn  of  sulfuryl 
chlorde  with  vinyl  chloride  gave  a  more  deCrite  res'ilt-  The  reaction  was  effected  by  passing  a  fjeam  of 
v.xyl  chlor  de  into  a  carbon  tetrachloride  solution  of  sulfu’yl  chloride  to  which  aluminum  chlorhie  was 
g*adually  added.  From  the  reaction,  mixtxe,  after  hydrolysis  was  isolated  fi.S-dichloroethylsulfachloride  in 
31.5‘5k  yield: 

AlCl 

CH,=  CHC1  +  S(\Cl,  - ^CHCljCf^SO^a. 

Even  after  prolonged  paisage  of  vinyl  chloride  in  presence  of  two  moles  of  aluminum  chloride,  we  were 
t.r4ble  to  detect  the  formation  of  6,.6.c ’.o’-teL'achlo'odiethylsulfone:  this  result  is  hilly  consistent  with  the 
fict  that  suJfor  ic  acid  chlorides,  as  p''inteu  out  above,  do  not  er.tcr  into  co-dersation  with  vinyl  chloride. 

Mo  eove*  unlike  the  reaction  of  vinyl  chloride  with  ca'boxylic  acid  chlorides,  which  pmceeds  with  cleavage 
cf  hyd'oge'  chJo’ide  arvd  leads  to  formation  of  B-chlorovlnyl  ketone  [3];  in  our  case  only  addition  takes  place, 

•  nd  ‘i  rot  accompa-iied  by  cleavage  of  hyd'ogen  chloride. 

5  ’  DichlcroethylstilfocHo'lde  is  a  heavy  colorless  liquid  with  a  pungent  cxlor,  fairly  stable  in  tto'age. 
Whe~  It  is  feared  with  aqten.s  alcoholic  caustic  alkali.  Us  sulfo  ts  ester! tied  and  ore  molecule  of 

hs  J  ogen  chlo’Ule  is  split  off  to  g  ve  the  co’*esDordl-'g  este'  of  5  <hlo:oviryi-scifo"V  ac  .d; 

'«:aOH 

ClrCK  H.SOyCl  ♦  RDH  — CICH  =  CH50,0R;  R  =  CH,.  C,H,. 

"r  this  wiy  we  oepi-ed  the  methyl  a-d  ethyl  euers.  This  icute  to  previo*  sly  unkrown  esters  of  S  -chlo-o  • 
vi-.yis.'fo'.'c  ac 'ds  .ma>  se-vc  fo;  thei-  p'epa'attor..  The  esters  a-e  rolo^'leso  liquids  wth  a  fair.*  odor  stable 
viher.  kept.  Tieaiir.cnt  5,5  ■dichlo'oviryls'-lfofhlo^'de  w..th  aqueous  ca-stic  alkali  g’vcs  a  r.bsiance  which 
behivfs  l:i<e  fi  chlo*ovir ylsuUo'hlo.-de.  We  did  not  Isoiate  it  Ln  me  analyt-cally  pure  form.  11  was  evidently 
rn~tami.‘a*ed  with  the  O'^gfal  c  6 'd'chlomeihy’sulfochlo'^de. 

t  X  P  E  R !  .V.  E  N  T  A  I 

1.  £  i;  ^^chlojoethvlsjlfoc blonde  Into  a  solution  of  50.0  g  sulfuryl  chloride  Ln  SO  0  ml  c.k’h’r  tetra- 
hlo-df  w  th  .’■g  a'-d  r ooli'g  wrh  're  water  was  passed  a  vigo-ous  sream  of  v«-yl  r.-lo-de  (p-epa.ed  f-om 
150  g  axhlo'oetha'.e  ard  a  solution  of  150  g  KOH  in  225  ml  methanol  [7]),  ard  at  the  same  i:me  60  g  AlCig 
We  s  added  .r.  t.he  course  of  an  hour.  After  treatment  with  the  vinyl  chloride  for  4-5  hours  the  darfcned,  homo- 
gceous  mass  was  pci'ed  onto  tee  and  sti'.red  fo*  a  few  minutes.  The  lower  layer  was  sep**ated,  the  aqueo.s 
l«ye'  was  ext  -acted  w.th  ef.cr  the  combired  extracts  we-e  dried  ovc-  calcium  chlorMe.  the  solve -t  driver 
eff  a'd  the  residue  d'stilled  1;.  vacuum  to  give  a  paction  with  b.p.  8&  92*  at  25  mm. 

A'ter  a  seco..d  distJIat.or  the  dichJoroethylsulfochloridc  had  the  folio w’xg  cor stants-  b.p.  8T62* 

•t  4  mm  rJJ  1.5C66,  d**  1.6577.  Yield  23  g  (31.5 ‘J. of  the  theoretical).  A  heavy  colorless  oi’ with  a  pungent 
odor. 

Fou-dit.  S  16  20.  16.10.  C,H, Ossein  Calculated  S  16.21. 
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2.  Methyl  este:  of  £-ch!o*ovinylsulfo^ic  *cld  To  •  solution  of  20  g  6iB  ^^WoroethyUclfochlo.jde  lit 
25  irl  irethanol  wis  added,  with  stlTing;  a  solution  of  10  g  NaOH  in  40  ml  wateir  at  such  a  spesd  that  the 
temperature  of  the  mixture  was  maintained  at  0-10*.  At  the  co"cli»s*on  of  the  addition  of  alkali,  the  mixture 
was  $t:r*ed  at  room  temperature  fo*  another  30  minutes.  The  lower  layer  was  then  separated  and  the  aqueous 
layer  extucted  with  ether.  The  extracts  were  washed  with  water  and  diled  over  sodium  sulfate.  The  ether  was 
dist'Jled  off  and  the  residue  distilled  in  vacuum  to  give  a  fraction  widi  b.p.  89--91*  at  7  mm.  After  a  secorxl 
dlstJlat:.or.  in  vacuum,  the  methyl  ester  of  6-chlorovinyl$ulfonlc  acid  had  the  following  corstarts:  b.p.  90-91* 
at  7  mm,  1.4756:  d^*  1.4244.  Yield  6.0  g  (38*5^  of  the  theoretical).  Colorless  mobile  cU  with  a  faint 
odor,  uisol  Jble  in  water. 

Found  C  23.01,  22  97;  H  3.10,  3.17.  C,HtOjSCl.  Calculated  C  23.19,  H  3.22. 

3,  Ethyl  ester  of  6<hIorovLnvl$ulfoplc  acid.  Prepared  uy  the  above  p-ocedu'c  frorr  20.0  g  6,6-dlchloro-' 
ethylsulfochloride  25  ml  alcohol  and  a  solution  of  1C  g  NaOH  in  40  ml  water.  Distillation  of  the  -eartion 
p*oduCt  in  v^uum  gave  a  fraction  with  b.p.  103-106*  at  10  mm.  After  a  secorjd  distillation  the  ethyl  ester 

o^  fi  chlo'ovlnyl sulfonic  acid  had  the  following  corutants:  b.p.  96  -97*  at  7  mm  f’j)  1,4688.  1.3340. 

'■'ield  7.0  g  (37^).  Colorless  oil  widi  a  faint  odor.  Insoluble  in  water. 

F0u.*.d  ‘Jfc.  c  27.68.  27.71;  H  4  25,  4.21.  C^H^SCl.  Calculated  %  C  28.15;  H  4.14. 

SUMMARY 

1.  Reaction  of  sulf.iryl  chloride  with  vinyl  chlorrde  !r  presence  of  aluminum  chJo’lide  gives  6,S- 
d;chlo:rethylsulfochlorlde  Ir  31^«  yield. 

2  Treatmerr  of  5  E-^ilchio-oethylsulfochior’de  in  solution  L-  an  alcohol  with  aq'.eois  alkali  gives 
the  co*re»pord:xg  ecers  of  £  cblcrovinylsulfonlc  acid. 
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SULFCNATION  AND  SULFONIC  ACIDS  OF  ACIDOPHOBIC  COMPOUNDS 

XXa  THE  SULFONATION  OF  VINYL  ETHERS  AND  ESTERS 
A.  P.  Terentyev,  A.  N.  Koit,  A.  M.  Yutkevlch  end  E,  E.  Khasklne 


In  a  previous  comraunicatlon  [1]  was  described  the  sulfocatlon  of  vlrylbutyl  and  vlnylisoamyl  ethes 
by  the  action  of  pyridinesulfotrioxide  In  a  medium  of  dichlorce thane.  TTils  reacUoi.  proceeds  very  slowly 
at  room  Temperature,  but  on  heating  to  60-80*  It  Is  completed  in  6-8  hours.  Hydrolysis  of  the  reaction  pcoduct 
li*.  both  cases  was  followed  by  isolation  of  a  barium  salt  with  the  ccmpositioa  CjHjQ^S^^  •  HjO,  which 
corresponds  to  the  barium  salt  of  acetaldehyde  sulfonic  acid.  It  was  shown  that  an  intermediate  product  Is 
a  salt  of  an  alkoxyethionic  acid 


R-O-CH  ^  R-O-CH — OSOL-O. 

il  1  ^  >Ba 

Ciis  Chi,— -SOj-0^ 


1  Ba 
CH,-SO,  ,4. 


In  this  investigation  we  attempted  to  react  pyridine- and  dioxane-sulfotrioxidcs  with  a  whole  series  of 
viryl  ethers  and  esters. 


Our  first  aim  was- to  improve  the  conditions  of  sulfonation  of  vinylbrtyl  ether  with  pyridine-salforrioxide. 
svtce  the  yield  in  this  reaction  did  rait  exceed  SC^tof  the  iheoreticaL 

Experiments  were  carried  out  on  sulfonation  in  an  open  vessel  (on  the  water  bath  under  a  reflux 
cc“de-,ser),  anempts  were  made  to  sulfonate  a:  lower  (30*.  16  days)  and  higher  (150*)  temperatures,  also 
*»ithoot  a  solvent  and  Ln  presence  of  various  inert  substances.  The  yields,  however,  were  of  the  same  order 
(30  35‘5e)  since  It  was  still  impossible  to  avoid  polymerization  completely.  We  did  not  isolate  any  addition 
p  odacts. 


Sulfonation  was  also  carried  out  on  vinyl  chloride  and  isocrotyl  bromide  •,  whose  structure  and  properties 
c-iile  tf-eir  to  be  regarded  as  vinyl  esters  of  hydrohalogen  acids.  The  literature  contains  data  only  for  sulfona- 
to~i  (w  tr  o]euir>>  of  the  ac^d  stable  dtchioroethylene  and  trichJoroctbylene. 

X  inempfs  to  sulfoaiic  vinyl  chloride  with  sulfur  trioxide  in  dichlorbetharic  solution,  we  d?d  rot  observe 
a  :cici:jon  at  room  temperature,  while  heating  to  50-^*  resulted  in  instantaneous  polymerization.  When  he.cted, 
however  with  pyTidlnc  -sulfotiiox'.de  in  dichloroeihane  solution  (l^yj"^  hours,  170*),  vinyl  chloride  could  bn  $ul“ 
fonated.  T-eatinent  with  barium  carbonate  ard  hyd.’olysis  gave  a  barium  salt  which  analyzed  as  barium 
icculdehyde.^ilfon.aic. 


CH,  =  CH-C1 


Pv-  sa 


CH,-CH-C1 


SO,  O 


.SC4 


H,0 


CH,  - CH-Cl 

SC4  9 


iio 

H+ 


CHjCHO 

HCl  ♦  V,  BaSQ,  a  I 

io,®*/, 


The  g-eaiest  difficulty  was  here  encountered  in  purification  from  the  barium  chloride.  Silve*  salts  proved 
to  be  inapplicable  smee  the  sJver  salt  of  acetaldehyde  sulfonic  acid  Is  very  poorly  soluble.  Again,  tr»e  lead  salt 
was.  or  the  contrary,  so  hygroscopic  that  It  could  not  be  obtained  pure. 

•  L.  L  Ohrelmova  look  part  IP  the  experimental  work. 
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The  probjem  was  solved  by  exractljig  the  baiiutn  chlorlxie  with  hot  ethyl  alcohol,  ard  the  pure  barium 
u’t  cf  aceuldehyde  s-lforic  acid  was  obuined  free  from  water  of  crysulllzatlon.  The  purity  and  composition 
of  this  wit  we»e  corflrmed  by  a'-alysli.  On  recrysulllzatlop  from  water  It  formed  a  monohydrate.  The  yield 
proved  to  be  very  small  (5^  of  the  theo’etlcal),  ar.d  other  sulfonatlor  conditions  were  therefore  tried  with 
the  aim  of  avoiding  polymerization. 

Attempts  to  sulfor^te  In  ampoules  sc^ihout  a  solvent  or  Ir  an  ether  medium  gave  even  worse  resinlflca* 
t-'ar.  Sulfo-iatior  does  roi  p*x>ceed  at  tempeiatiites  below  160*.  Somewhat  better  results  were  got  by  passing 
vityl  chlo.'jde  tii*o.:gh  a  tube  with  pyridlfie'sulfotrioxtde  heated  to  160*.  Ir.  these  cordltlons  the  yield  reached 

As  was  subsequently  esublished,  however,  the  low  yields  are  due  maLnly  to  the  large  losses  during 
oractujri.  On  analys-a  of  the  unpurlfied  salt  for  barium,  sulfur,  ca'bon,  hvd'ogcn  ard  haloge„\  It  was  found 
-hat  or  the  bas*a  of  the  barium  salt  it  contains  only  barium  acetaldehyde  stUonaie  Lr,  aniourt  corresponding 
♦o  a  y'eld  of  40  of  the  theoretlcaL  In  these  conditions  vinyl  bromide  la  not  sulfertaied  because  already 
sr.  ISO*”  polyroerlxatlon  occurs  even  In  presence  of  much  mlvenL 

Isocmtyl  bromide  (prepared  by  dehyd’obromlnmion  of  isobutylene  bromide)  r:lfo'"at^s  more  readily  than 
v:j’y!  chlorrde.  The  reaction  begins  at  orJy  105*  and  is  complete  after  10 15  hours  without  acy  scbstartlal 
polymerlzatlor..  Yield  about  85^  (It  was  not  pirlf'ed  from  ha* lam  b'omlde). 

T-niing  ou;  attention  to  v  jrvl  c»te’s.  we  studied  the  act'on  of  pyildine-aalfotrlojcde  on  vinyl  acetate  • 
and  laocrotylacetate. 

We  obrai'^ed  the  best  y:el<i  of  acetaldehyde  sulfonic  acid  by  jointly  heatirg  the  viryl  acetate  pyridine* 
s.lfot-'oxide  and  dichlorocthane  (sclvent)  in  sealed  ampoules  fo-  8*10  hours  at  11  (^120®.  if  the  pyr  iline- 
sdfor'cx'dc  Is  taJ>er  Ln  equimolar  amount  then  tlie  yield  is  about  85^fc.  The’C  U  no  substantial  change  of 
>  eld  when  usi’g  twice  the  amount  of  alfonat^rc  agent.  The  s^h  obured  by  the  .su»l  tearmeni  of  the  ^ 
.e5r*io:;  p-oduct  cor.t,’ns  appe-e-tiy,  »he  barium  salt  of  the  s.lfsnic  ar  ■d  of  vuryl  aretate  CHjCOOCH=CHSCV 
T.-e  p  eserce  cf  ti-a  compound  is  cotf-'med  by  the  fart  that  the  vilt  soi  jior  decolor'xes  b'Orrlne.  w»re'  and 
oe  m-j'.gi'-atc  gives  off  acei^r  acid  when  bo’led  with  vjlf  r*lt  acid  whe  eas  tr.e  ban-.m  salt  of  the 
sj’for  c  ic_d  0*  Lte  iidchyce 's  stable  to  ac’ds  does  not  oecolo'.'ze  bromlre  waar  and  •*caral  permauganaie 
sol-t_0"  A'-d  ’ed  when  bo* led  w.m  caustic  alkali. 


W'tn  tne  a‘jr  of  e^fening  smooth  ’cmova!  of  the  acetic  a.  ‘d,  we  sl-ghtly  mod  .^icd  the  me'hod  of  separation 
f  tre  ’eact  on  p-od.ct  in  that  the  sulfonated  mass  was  at  orce  s.bjccred  tc  a-’d  :  hyd  olysls  rUer  which  (after 
stJlrg  off  ±e  aceic  afdj  the  rcatmenj  with  banum  acetate  .us  carried  out 

Cfi — CHOCOCH, 

CH^CHOCOCH,  SOf  d  HOSOjC ChO  ♦  ♦  n.SO^ 

6 — s4 

HOSaCSCHO  OSOtCh^C^O 

r  i  s  JT'  la*  ma^rve*  as  ^O'  vi-yj  aretare  suKorat^or  .-as  efietied  of  'soc'Ctvl  tcctare  (p*ep»?ed  by 
isobu*y’5!dehyde  with  •cetlc  anhydide  and  potassij.m  acetate),  j  th'seas?  noweve-  the  re.action 
D-'*eds  w  *h  rro  e  d  f*  c  .1^  A**e*  10  hou's*  heatJ.'gof  soc’o^yl  a'etafe  wtn  pytd.ne  s.l^ofox'de  ir  an 

■'r''i>..  e-«*l50  CO'S  de* »b.e  ’t i‘'r.fic at’on  ♦oo}<  pUcc  a^d  a  po  t'on  of  the  'aoc 'ctyi  aceistc  (ibe .t  60 
w-s  :ve  eJ  .-.  r.a'ged.  The  y  eld  of  ba*ium  sil»  cf  a  sobu'y aldehyde  sulforlc  ar1  was  35«fcof  tne 
'eo  et  il  r  •kulared  o*  the  ace*a*e  entering  into  reaction 


CH, 


CH. 


^C  =  CHOCOCH,  “ 


CH, 


CH, 


X- 


CHO 


sa-  4 


We  see  f  oir  the  above  that  py»idine  •sulfotrioxide  does  not  ir.  all  cases  pe*miT  good  yields  of  aloenyde 

^'■<1  s>jlfonatu>n  of  aldehydes  w  ih  droxa-e  s-alfotriox  de  gave  good  resulu  (31 
•  E.  E.  a^.tasKrna  trek  jwr,:  ir  the  expe’imcr.ul  work 
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We  therefore  tried  the  Action  of  dioxAne*^lfotrloxlde  on  lome  vinyl  ethers.  Vinylbutyl  ether  is  sulfoneted 
by  dioxsnc-sulfotrloxide  even  at  low  temperature  with  reunification,  giving  a  yield  of  only  421k  Vinyl  aceute 
does  rot  form  resins.  The  yield  of  sulforJc  ar  id  of  the  aldehyde  (in  the  form  of  barium  »lt)  is  62lk  In  the 
same  conditions  isopcopenyl  aceute  gave  acetoneiulfonlc  acid  in  6Tlfc  yield. 

In  the  course  of  our  study  of  the  properties  of  aceuldehyde  sulfonic  acid,  numerous  experiroenu  led  to 
the  discovery  of  a  derivative  possessing  a  characteristic  melting  polnL  This  was  the  S-(6-naphtbyl)-'thluronic 
salt  (m.p.  202-204“).  Applying  the  mixed  melting  point  test,  we  demonstrated  the  identity  between  the  pcoducU 
of  sulfonation  of  acetaldehyde,  [C],  vinylbutyl  ether  and  vlnylaceuie.  For  the  purpose  of  obuinlng  a  stricter 
proof  of  stmeture,  we  attempted  to  replace  the  chloromercurl-jpoup  Ir  chloromercuriacetaldehyde  by  treatmeitt 
with  sulfur  trioxlde  (chloromercuii)-aceuldehyde  was  prepared  by  the  method  of  A.  N.  Nesroeyanov,  R  F, 

L.:tsenko  and  Z.  M.  Tumanova  by  the  action  of  mercuric  aceute  on  vinyl  acetate  followed  by  decomposition 
with  sodium  chloride  [4],  It  transpired,  however,  tltar  In  ±e  conditloni  that  we  selected,  not  only  rJ>stitutlon 
of  the  raercuri-group  occurs  but  also  oxidation  of  the  aldehyde  group.  Conseq..ei.tly  the  reaction  gave  die 
barium  salt  of  sulfoacetlc  acid.  On  acldificatio!:,  this  compourjd  readily  Iccs  caAon  dioxide  which  turns 
ba-yu  water  cloudy:  it  does  not  form  an  insoluble  S^6-caphthyl)-thiuronlc  salt 

ClHgCl^CHO  -  ^  HOSO^CHgCOOa 

Oxidation  of  acetaldehyde  sulfonic  acid  to  sulfoacetic  acid  has  been  described  previously  [1^ 

On  acting  on  vinyl  aceute  with  dloxane  dlbromldc  (proposed  for  subsutution  of  hydrogen  atoms  for 
b'cmi'e  in.  vLnyl  compounds  [5]).  we  obtained —instead  of  bmmovinyl  aceute— an  addition  product,  he. 
dibromoethyl  acetate.  Treatment  of  this  subsutice  with  excess  of  aqueous  sodium  sulfite  solution  gave  aceuldchyde- 
sulfonic  acid;  its  S-(6-naphthyl)-thiuiunum  salt  did  not  give  a  melting  point  depression  with  the  previously  described 
specimens 


CF,  =  CHOCOCH, 


SrCHj— CHOCOCH,  HOSO^-CHOHO. 

Br 


As  was  observed  by  Schroe’.er  [6]  and  others  [1,3L  there  is  a  reduction  of  the  reactivity  of  the  aldehyde 
g’Oup  in  o  aldehyde  sulfonic  acids.  Neve:tl!cles»  it  was  of  interest  to  attempt  the  cyanonydrin  syndtesis  with 
the  iim,  fo’  ir-stance,  of  obuuiing  cysteic  acid  from  aceuidebyde-sulfonic  acid. 

CH,-CHO  CH, - CHCN  CH,— CHCOOH 

1  NH,  •»  hCN  I  ’  1  IkO  ,  ’  I 

io,H  SO,H  NH,  SOjH  NH, 

•We  ca’r.ed  out  a  ser.’es  of  experirre'.ts  with  barium,  sodium  and  amrroriium  salts  of  aceuldehyde  ralfonic 
acid.  The  cyar^ohydrin  synthesis  was  performed  by  the  L^jee  main  methods  described  in  the  literature:  Streckcr*$ 
method  (w.tii  hydrocyanic  acid  and  ammonia),  Lyubavl;:'s  metriod  (with  ammonium  cyanide)  and  ZelixisJ<y's 
method  (w:th  pousslim  cyanide  and  ammonium  chlo’ide).  The  temperature  regime  was  also  varied  from  room 
^emperatue  to  100*.  Different  hydrolj’zing  agents  were  also  tried  out:  bar.tum  hydroxide,  sulfuru:  and  hydro- 
cWo  ic  acids.  The  amino  acid  was  determLned  qualitatively  by  the  rJLnhydrin  reaction  and  then  quantlutlvely 
by  ine  Van  Slyke  and  Kjeldahi  methods.  We  did  rot  isolate  the  subsiarxe  Ln  the  pure  state. 

!l  traraplrcd  that  the  barium  salt  of  acetaldf.hyde  -sulfonic  acid  does  not  react  with  am.monium  cyaxJde 
tc  ary  $>.,bsra’-tial  extent  even  at  100*  (negative  or  feeble  reaction  with  rln.hyd’Ln).  With  ammonium  cyanide 
*.*■€  sodi. m  salt  only  gives  traces  of  amino  acid  (5  hcrirs  at  35*),  but  ir  ZeiLnsky's  conditions  (poussium  cyanide 
ira  r..mmoniurr  chloride  at  room  temperature)  it  gives  cysteic  arid  in  12.9'%  yield.  The  ammonium  salt  was 
tested  out  in  Strecker's  cordtiioris  and  gave  yields  of  1  to  3^ 

Co'jcq.ently  t.he  best  conditions  foi  the  cyanohydrin  synthesis  were  thiOse  of  Zelinsky;  but  even  then 
the  yield  was  low  (12.i*5fc).  Determination  of  toul  nitrogem  gave  a  snrUar  figure  {11.4,'%)  which  is  within 
the  limits  of  cxperimenial  error.  licncc  the  low  yield  is  not  due  'o  the  reaction  proceeding  in  the  dL-ection 
C!  ^ormaL’on  of  imlno  coiripoands.  To  confirm  this,  we  titrated  the  ua'eacted  cyanogen  ion  and  found  thut 
o-iy  151t  of  the  cyanide  had  been  consumed.  The  low  yield  is  also  explained  by  this  fact.  An  aoempt  to 
raise  the  reaction  temperature  led  to  ciarkcnlng  of  the  mixture  and  a  lowering  of  the  yield. 
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5  lus  thj  been  ihown  that  U  U  pouible  in  principle  to  perform  the  cyanohydrin  lynthetl*  with  et-aldehyde 
•Jforlc  acid»=  it^'«actlOA  however,  pmceedt  very  sluggishly. 

^  EXPERIMENTAL 

Sulfo^antw  of  vinyl  chloride.  A  mixture  of  5  g  (0. 02  mole)  25 1o  solution  of  vinyl  chloride  in  dlchloro- 
ethane  and  6  g  (about  0.04  mole)  pyridlne-sulfotrloxlde  was  sealed  into  an  ampoule  and  heated  for  1  /g^  hours 
at  1*10*.  The  daJ(-b»^cwn  reaction  product  was  dissolved  In  water,  treated  with  barium  carbonate  until  neural 
rccor’go  a’d  ther.  steam-distilled  to  remove  the  pyridine.  The  residue  was  filtered;  the  filtrate  was  decolorized 
by  toiling  with  animal  charcoal  and  then  evaporated  to  a  small  volume;  the  barium  salt  was  brought  dow3  w.th 
methyl  alcohol.  The  solid  salt  was  exnacted  with  hot  ethyl  alcohol  for  3  days  (In  a  Soxhlet).  The  res.due  was 
0  2  g  ba’iijn  aceuldehyde  sulfonate,  i.e.  ^  of  the  theoretical  yield. 

8  03  irg  s-bstarvce:  4.918  rog  BaSO^.  Found  Ba  36,04.  C|H}O^S  /j.  Calculated  Ba  35.81. 

SulfOLarrg-  of  isoc-otyl  b-omlde.  0.8  g  (0.006  mole)  Isocrctyl  bromide  and  4.0  g  (0.025  mole)  pyrdine- 
s_Ifot*’.ox.'de  werj  hMted  In  a  sealed  ampoule  for  6  hou’s  at  110*.  Alter  treatment  of  the  reaction  product  with 
bi’-um  carbonate  distilling  off  the  pyridine,  and  precipitating  with  alcohol,  tl^iie  was  obtained  1.8  g  dry 
ba”'jm  ult  containing  (on  the  basis  of  the  halogen  analysis)  about  0.76  g  barium  bromide.  The  yield  of 
b3*i,m  Silt  of  a  sobutyraldehyde  sulfonic  acid  was  about  85^  of  the  theoretJcal.  (The  compound  was  not 
'so'.**e-;  'r  t..e  pi.'c  fo*m).  The  solution  of  the  salt  ’educes  ammoniacal  silver  solutio’'  ard  gives  a  cclo-ation 
w  rh  ^ichs.'esulfious  ac'd.  The  lead  salt  was  obuined  in  the  form  of  a  thick,  syrupy  mass  contairirg  races 
of  b-om‘“e  ion.  The  sUve*  salt  is  insoluble  in  water. 

S.Ifo’:ato~  of  v.nylbutyl  ether  a)  2  0  g  (0  02  mole)  vlnylbutyl  ether.  3,2  g  (0,02  mole)  pyridl~e -i>lfo-- 
t'lox-de  a'd  6  ml  cichlo-oe thane  were  heated  tn  a  sealed  ampoule  for  9  hours  at  70-90*.  The  dark  mass  was 
cG.nverted  into  barrum  acetaldehyde  sulfonate  by  boiling  on  the  water  bath  with  an  aqueous  suspension  of 
bar'um  ca’borzre  entj  the  pyridine  had  gone  off.  The  precipitate  was  filtered  off  af’d  washed  with  hot  water, 
tre  ^Ut'sre  was  e^apo-ated  to  a  small  volume  and  tiie  salt  brnught  down  by  adding  methyl  alcohol.  Yield  2.6  g 
3*  30^  of  me  theoretic aL 

7.907  mg  s^jbr.a^e:  5.415  mg  BaS04  7.832  mg  substarsce;  4.763  mg  BaSQ^  Found  Ba  35.79. 

35  92.  C,H  S  4.  CalcuUted  %.  Ba  35.S1. 

If  the  salt  u  p’epa.  ay  evapo'-ating  the  aqueous  solution,  the  barium  salt  Is  obtained  with  one  molecule 
of  ware-  of  c’ystalluzation, 

0  C970  g  substance :  4  82  ml  C.  09988  N  Na,COj.  0.0920  g  substa-xe:  4  58  ml  0.09988  ^  ^'ia.COj 

^o^-d*;.  Fa  34  1  0.  34.15  H,0.  Calculated  “Jv  ba  34.34. 

b)  A  m’xt’-’e  c.  4  0  g  (0  04  mole)  vmyToL'tyl  crhei.  13  g  (0.08  mole)  p>:  iii'<e  s’^lfoviCKldc  a  0  40  P'1 
d  chlo-oetuare  wa«  refluxed  'n  a  Tou’‘d  bottomed  flask  foi  14  hou’s  on  a  wa’er  bath.  The  sui^oni’ed  mass  w<»s 
wo  ♦•ed  i.p  -.s  in  the  preceding  expeUmert  Vield  of  ba’i.rr  acetaldehyde  soHorjtc  5.6  g  o*  32.5‘5b  of  t*-'e 
tneo'ctrc  al 

c)  A  solut  of  4  0  g  (0.05  mole)  sulfu’  t’toxide  n  25  ml  d'.chlo’cctha’’e  was  cooled  ’o  0  to  .t  was 
-.iced  4  4  g  (0  1  mole)  dioxare,  and  to  the  'esultam  solufon  of  d’oxane -sulfoi'toxidc  was  added  2  5  g  (0.025  mole) 
s  .Ib-tyl  eihe’  The  m’xtu’e  was  left  fo'  6  hours  and  the*!  decomposed  with  wa'e’  and  ev»nc’5red  or  the 

w^i'e  bi'h  fo*  4  hc__*!  for  removal  of  sohen»  and  butyl  alcohol.  The  ’•esidue  was  trea’ed  with  b«-,om  <»  bo-.ste 
*‘C  ’he  f  Itrate  e*.2porated  and  ba’ium  acetaldehyde  sulfonate  p'ecip'tated  by  add.ng  irethvl  *l:oro', 
e  d  2  0  g  i42'!lt  of  theory). 

00  of  5  f  ^aph’hyl  th'u’’onic  salt  of  acetaldehyde  sulfomc  ac*il.  To  a  '^ooled  s4r.  ared  sol  tio'’ 

Sr."  '*Pf  •’-.y?)  r.-.i,  o:  y]  chlofde  was  added  a  satu’at^'d  aqueous  scluuor  of  the  barium  wit  of  s Jfo^ceta'.de- ydc. 

P  *-*’*  ^o'med  ’jnmed'ately  and  was  fiJtc*ed  off  d”ed  in  vacuum  ever  p*’Ost)ro”'ji  ner'ox'de 
•>*>0  ec  ystall’zec  f  om  absol jic  be’urere.  Colo.' less  crystals  with  m.p  202-204*’. 

§ of  vi~yi  ac eta’e. 

»>  A  m  xt:.*e  of  2.3  g  (0  03  mole)  vmyl  aceute  (b.p.  72-74'  at  760  mm  njj  1.3958),  5.0  g  (0.03  mole) 
p\' d  ne  sul^ofox  de  and  10  ml  d'chlo’oeihane  was  heated  In  an  ampoule  for  8  hou's  at  120“,  The  sclfon.ted 
m«ss  w«s  d  ssolved  r  hot  water  0  5  ml  0.2  N  sulfuric  acid  was  added  befo’e  boUl.'’g  fo'  4  houi  tlie  acetu  »c_'d 
was  d-xt-^.ed  of*  .n  s’.eam  The  ’es.due  was  treated  w’th  barium  carbonate  and  the  p>7::d)r>e  d’stUled  off  'n 
s'e.m  iMe  p  ec*p-ute  was  f')te*ed  and  washed  with  hot  water.  The  filtrate  was  evapo-rted  dow.  and  the  barium 


aceuldehydesilfocate  was  precipitated  by  addlticn  of  methyl  alcohol.  Yield  4.4  g  or  8S^fc  of  the  thecv> 
eticaL 

0.0962  g  subsunce:  5.07  ml  0.09988  N  Na^CQi.  0.0990  g  substance:  5.40  ml  0.09988  N  NagCOb* 

Found  IL  Ba  36.15,  36.21.  Calculated  Ifc:  Ba  35.81. 

solution  of  8  g  (0.1  mole)  sulfur  tiioxide  in  50  ml  dlchloroethane  was  cooled  to  0*,  8.8  g  (0.2  mole) 
dioxane  was  added,  followed  ’  (with  stirring)  by  4.3  g  (0.05  mole)  vinyl  acetate.  The  mixture  was  left  for  6 
hours,  poured  irrto  cold  water  and  evaporated  for  8  hours  on  the  water  bath  with  two  additions  of  5  ml  water 
each.  The  mass  was  then  treated  with  excess  barium  carbonate,  the  precipitate  filtered  off,  and  the  filtrate 
evaporated  umU  crystallization  started.  Cooling  brought  down  6.5  g  of  the  barium  acetaldehyde  sulfonate 
containing  one  rrolccule  of  water  of  crysu'.llzaUon.  Yield  62^  of  the  theoretlcaL  The  S^Bn^phthyl)- 
thluronlc  salt  had  m.p.  202-204*.  No  depression  of  m.p.  in  mixed  melUng  test  with  the  salt  prepared  from 
vlnylbutyl  efrier. 

Sulfonat^n  of  Isopropenyl  acetate.  To  an  ice-cooled  solution  of  1.0  g  (0.013  mole)  sulfur  trioxide  in 
6  ml  dlchloroetr-a?ie  was  added,  with  stirring,  0.t>  ^  (0.01  mole)  dioxa.te,  followed  by  1.0  g  (0.01  mole)  isopropenyl 
acetate.  Workizr-cp  in  the  usual  manner  gave  1.5  g  of  the  monohydraie  of  the  barium  salt  of  acetonesulfonic 
acid.  Yield  67^  of  t'ne  theoretical. 

0.0579  g  Substance;  0.0306  g  BaSO^.  0.0177  g  subsUnce:  0.0  093  g  BaSO^.  Found  Ba  31.05. 

30.80.  I  •  H,0.  Calculated  %  Ba  30.66. 

P^pa:at.jo-t  of  Isocrotyl  acetate.  A  mixture  of  28.8  g  (0.4  mole)  isobutyraidehyde,  61  g  (0.6  mole) 
distilled  acetic  anr-yd'ide  and  6  g  (0.06  mole)  potassium  aceute  was  heated  frr  10  houis  on  an  oil  bath 
under  a  corjde“_ser.  The  mass  was  then  poured  on  to  ice  and  the  separated  layer  was  washed  with  icc  water 
and  with  sodium  bicarbonate  solution.  After  drying  over  magnesium  sulfate,  the  substance  was  distilled  in 
a  dephlegmator.  giving  36  5  g  Isocrotyl  acetate  or  SCi^of  che  tlicorctical  yield.  B.p.  121-124*  at  756  mm; 
r.Q  1.4106  in  ag-eement  with  the  literature. 

Sulfon-itirr:  cf  isocrotyl  acetate.  3  g  (about  0.025  mole)  isocrotyl  acetate  and  8  g  (0.05  mole) 
pyridine-sulforiot  :iie  were  sealed  L»?to  an  ampoule  and  heated  for  10  hours  at  150*.  From  the  thick,  partly 
polymc'ized  rras  was  distilled  off  2.0  g  ^on.'eactcd  isocrotyl  acetate.  The  residue  was  treated  with  barium 
carbonate,  the  P7~i<ii--€  dltf filed  off  in  steam.  The  usual  method  of  working-up  gave  0.59  g  barium  »lt  of 
o-isobutyraldehvoe  sulfo.njc  acid,  i.c.  .35  ^  of  the  theoretical  yield,  calculated  on  the  isocrotyl  acetate 
entering  Into  reactioru 

5.615  mg  r_bstancc.  2.C44  mg  BaSO^,  4.331  mg  substance:  2.338  mg  BaSO^,  Found  Ba  31.90, 

31.78.  Calculated  ‘Jic  Ba  31.25. 

Actio'  0^  s.lfu'  trioxuie  o"  (chio-ome^c  uri)3ceTaldehyde.  !n  a  small  flask  fitted  with  a  reflux  condenser 
was  placed  1.4  g  ..v  05  ipcle)  (chlo'omercuri)'acetaldehyde  [4],  and  a  solution  of  2.0  g  (0.025  mole)  sulfur 
t'’iox‘.de  m  30  ml  cichloroethane  was  xu~  in  with  cooling.  The  mixture  was  then  heated  for  12  hours  on  the 
w.te*  bath.  10  ml  wate*  was  added,  the  d'xhlo^ocrhane  was  evaporated  off  on  the  water  bath  and  the  mercury 
salts  were  prec.pita'ed  with  hyd'-cgen  sulfide.  The  filteied  solution  was  treated  with  barium  carbonate,  filtered, 
washed  th'^ee  tires  wuh  boil'xg  water  ard  again  evaporated.  The  poorly  soluble  s»lt  of  sultoacetic  ac  Id 
was  rec^ystallizec  irem  water.  Yield  0.6  g  (417c  of  tricory)  of  the  monohyd'’ate  of  the  barium  salt  of  sulfo- 
aceuc  acid. 

0.0094  g  s.bsta-<e;  0.0075  g  BaS04.  Found  7^;  Ba  46,45.  C,H,CjSBa •  H,0.  Calculated ‘J.:  Ba  46.79. 

Reacr.'on  d  oxs'^e  dib'on''^de  w.ih  vinyl  acetate.  To  21.2  g  (0.25  mole)  vinyl  acetate  was  added,  in 
small  port'ons  wtr  cocii-.g,  62  g  (0  25  mole)  dioxane  dibromidc  [5^  Each  portion  of  the  dioxane  dibromlde 
ci'JitHy  dissolved  c~  add'tio'’  inipa-ting  to  the  icaciio,'’  mixture  the  cnatacteristic  color  of  biom*,ne  which 
Quichly  disappei*ec  however  (in  T2  mi-tutes).  After  tlie  end  of  the  reaction,  the  layers  were  separated.  The 
lowe’'  layer  was  wiiSea  with  ice  watc’,  d.’-ied  with  calcium  chloride  and  distilled  in  vacuum  to  give  31.2  g 
d'b*cm.de  (SCTt  O'  f.e  tneo'ct. cal).  Drbroinoethyl  acetate  is  a  colorless  oil  with  a  strong  odor  of  radish. 

It  Is  lachrymatory.  5  p  101-10.3*,  at  32  mm,  1.5067  dj*  1.9170;  MFj)  38.24,  calculated  37.85. 

Lltera^uTe  cata.  b.p.  84-85*  at  5  mm;  Hq  1.5052:  dj*  1.9186  [71 

8.260  mg  s.bslArce  5  955  mg  C(\.  1.820  mg  H,0;  5.365  mg  Br,.  Found  %  C  19.67;  H  2.47:  Br  64.95. 

|  CalcuUr.ed  C  19.54:  H  2.46:  Br  64.98. 
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Re»gt*x>r  of  dJ)?oiPoethyl  tceuie  with  iod*.um  sulfite.  To  «  80li»tio~  of  3.0  g  (0  0J5  male)  tod-ain 
I  Jfite  Si  25  irl  w*te:  wu  adied  2.5  g  (O.Cl  mole)  d'-b.-onioethyl  *ccute  end  the  mlxtiL-e  w*4  heated  xjtier  a. 
icdLx  condc’ixeT.  Aftc:  *a  hour  the  had  become  homogeneous.  The  light-yellow  solution  wxs  evapo.  ated, 

t.’eated  with  batlitm  caTbonate.  filteTed  and  again  evaporated.  The  cooled  concetiwated  $cL*tion  of  ba.*jijn 
acetaldehyde  sulfonate  was  added  to  a  cooled  saturated  solcucn  of  S-fB  'riaphthyl)<ltli^'on  chloride.  The  unmed-ately 
fo’med  precipitate  was  filtered,  washed  with  water,  d'led  In  a  vacuum  “desiccator  and  rec'ystaU-Jted  from  absolute 
be»-ie'e  M.p.  202-103*.  A  mixed  melt:r4i  test  with  the  S-(e-r^phthyl)i4uurottic  salt  of  acctaldchydesulfonic  acid 
prepared  from  vinyl  acetate  cc  from  acetaldehyde  p]did  not  give  a  depression, 

Cyarohydrm  sy’*thes<a  with  acetaldehyde  sulfonic  acid,  a)  A  m.lxture  of  1  0  g  '0.0C5  mole)  baiL^m  salt  of 
icetsldehyde  sulfotic  acid  a.-id  10  ml  (0.007  mole)  3.15^  aqueous  solution,  of  ammanli-m  cyitiide  [8]  was  heated 
f  i  sealed  ampoule  for  5  hours  at  60*  and  the.n  stood  for  two  days  at  room  teirpe-ature.  Addition  was  then 
made  of  7  ml  concent  ated  sulfuric  acid,  the  mixture  was  lefluxed  foi  12  hou.'s  nei.ral'ied  .not  with  barium 
Cl  bo -ate  ana  f;j;^.ed.  The  p.ecipnate  was  washed  with  hot  water  and  tf.e  coirb.’oed  fllfaies  were  evape  ated 
dew*'  c*  i,  water  bath.  The  residue  gave  a  weik  positive  airhydrir.  reactlotL 

b)  To  a  solutloi  (2  ml)  of  ammonliim  acetaldehyde  sulfo*ate  (prepared  from  1.0  g  ba-ljim  salt  bv  tre.*tment 
w.th  iirmo'lum  s'.lfste)  wjs  added  0.3  ml  anhydrous  hYd»ocyin.*e  ac'd.  The  ml»l-.  c  was  stood  for  24  hOu^s  at 
oom  temwatj  e.  Then  a  sream  of  ammonra  w.as  passed  tlvocgh  1!  with  'ce  coell"g  fx  **•  ho..’,  the  mass  was 
agii*  left  fo'  24  hours  The  eactlo.-  mlxtu’e  was  then  byd-olyzed  with  hydrochlor.c  ^cid  *’d  wo  .«ed  up  as  It. 

'he  p  ecedi-g  e»pc’'jrert.  The  '’Jrhyd’tn  test  was  pos'tive.  ^hTi  Slyiie  cmmor_a  ce'e  irlut-on  2  ml  sjbs'arace: 

0  33  irl  v  (20‘  742  mm).  Total  amoarit  of  solution  23  irl.  "^leld  of  am  ‘"c  ac.c  (calc  ilated  or  *he  aldehyde) 

3.02*^. 

c)  To  a  mixtu’e  of  0.75  g  (0  005  mole)  sodium  acetaldehyde  sulfo.-ate  C.3  g  (0.057  mole)  ammonj^m 
cblo’rde  a-d  0  4  g  (0  057  mole)  KC*^  was  added  a  few  drojx;  of  water  srd  ^he  mss  rept  a:  *oom  temperature 
fO'  48  hor's  Wrh  pe-’od  c  shaking  Add'tlo''  was  iher  rr*de  of  ar.  eaual  3mc..rr:  of  cc-tce* fated  at  d  4nd  the 
rr  xto  e  stood  *o  12  nou’s  a»  'Oom  terrpe'atiL'C  d  ieted  w  tr  ootblc  the  amo.j:t  of  water  a-d  .-efi-xed  for 

7  '■ou-s  The  hyd'olyz.ate  was  t.hcp  evapo’ated  to  d’y’ess  or  me  w^te*  bath.  To  the  dw  -tVd.e  w»s  added  i 
cf^'e'rated  solutio'  of  sod.xr  hyd-ox'de  ard  tr-e  ammorr.4  was  d'atlled  off  tr.e  I  q^..^  tr>*"  irara'c'ca 

”7  a  .’r)eas;,.-_"g  flas*  made  up  to  the  ma’k  a*-d  si^alyzed  fo*  rifoger.  cortc-t. 

The  y.'o’i  of  amiro  nrtogen  was  found  to  be  12. calc ulated  on  the  ildebv'dc  i~t3  11  4‘5!»  o-  f  e 
b-s  s  cf  ’rvoge  vcljire  wnich  s  winni’'  the  Urn  rs  of -5''.alytic*l  cr:o\ 

S  U  M  M  A  P.  ? 

1  Rea'.to'  of  sjlf..’  f  oxroe  n  con  p!ex  fo'm  ^py’irtfe  Sulfofox  de  o-  d-C.x»'e  s-lfr  1  cx  v 's 

''  ryl  de  soc  otvi  b  wir;de  v.nylb^tyl  ethc'  vjiyl  .acetate,  '.so'vcne  yl  ace'.**r  ,  <j  i-'“*a-e 

give  fe  f  0‘’esD0')3  .'g  a  'slder.yde  sulfo-  r  ac  ds  o*  o  ^jlfoaeto-es.  as  was  eitsblV erf  o.  '’•rf  ba 

on’.e  s\’-*nrsfscf  v'etildehyd'*  a-lfo-x  ac*d 

2  Reiclcr  of  (c h^of ome’c it ’)  a'^etaldcnyde  with  rrlf.'*  t»‘ox  de  leads  *c  s.bst  t.*'.t'  “f  tut  rre’cu  li 
g  o.p  by  ’fie  s.l.'o  g*o.p  wth  s  multaneots  oxhition  to  S',!fracetic  ac  d. 

3  the  •eac*'.0'’  of  d  oxa'c  ■Sulfot  lox.de  w’th  ^I'y  acetate  the  hvo  oge'  irorrr  j  'cr  «,t: 

b.t  .-sieid  ,  rrolet  Jc  of  b  o.m'.'ie  aods  on  tne  double  ca  br  ca  bo'  be  d. 

5  ►'Cifg  of  a  r.  <Jlb  oipoethyl  acetate  w'th  a-  aqueojs  soiut.x:.’’  of  soc  >jr  $.  f.t*  ro*  ,re’ 

"0  ace’a’dehyde  Sjlfon  c  acm 

5  The  poss  b'l  ’y  of  P’epa’.-g  a  airlno  suHo  ac  ds  by  t.ne  cyi  “c.-ivd‘_"  '•'.’.'lesj.  fen-  a  atde’vce 
s-ifo’'  c  ac'ds  s  deirorsfatcd 
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SYNTHESES  WITH  ACRYLONITRILE 


XIX.  REDUCTION  OF  ACRYLONITRILE  BY  VYSHNEGRADSKY'S  METHOD 
V.  G.  Yashunsky,  A.  N.  Kost,  and  A.  P.  Terentyev 


A.  N,  Kott  and  V.  G.  Yashunsky  have  i»evlOwSly  shown  [l]tbat  In  the  reduction  of  B*substinited  jatsplo- 
nitriles  (R-X-CHjCHjCI’'  *'*»h  sodium  in  alcohol,  thcR~Xiroup  is  replaced  by  the  alkoxy  group  of  the  alcohol  In 
which  the  reduction  is  carried  out.  A  mechanism  was  proposed  fo:  this  teaction  which  involved  Intermediate  forma* 
tion  of  acrylonitrile  and  its  addition  to  the  alcohol  to  form  the  6-alkoxy*p:opiorJtTile  which  underwent  reduction  to 
the  y-alkoxypropylamlnes. 

For  the  purpose  of  establishing  the  above  mechanism  of  anomalous  reduction  of  fl- -substituted  proplonitriles 
we  carried  out  the  reduction  of  acrylonitrile  itself.  The  literature  only  contains  details  of  its  catalytic  hydrogeiu- 
tion  PI  It  has  also  been  shown  p]  that  acryloniuile  is  converted  into  adiponitrile  by  the  action  of  magnesium 
amalgam  in  a  methyl  alcohol  medium.  We  reduced  acrylonitrile  with  sodium  in  ethyl,  butyl,  isobutyl  and  Isoaroyl 
alcohols.  The  main  products  that  we  Isolated  were,  as  anticipated,  the  co; re spo ruling  y-alkoxypropylamlnes.  The 
lowest  yield  of  alkoxyamine  was  obrained  with  ethyl  alcohol  (30^  calculated  on  the  acrylonitrile):  reduction  in  butyl 
alcohol  gave  44.3^  of  amLne,  aiui  in  isoamyl  alcohol  41.4^.  The  yield  of  alkoxyamlncs  is  considerably  irurreased  by 
working  with  large  quantities  times  more  than  usual)  of  sodium  and  alcohol:  thus,  y-butoxypropylamine  and 
y-isobotoxypropylarrine  were  obtained  in  yields  of  59.6  and  63%  respectively.  Moreover,  it  was  found  diat  Increased 
yield*  of  alkoxyamine  can  be  achieved  by  running  the  alcohiolic  solution  of  acrylonitrile  into  the  sodium  urxler  taluene. 

All  the  reductions  of  acrylorairile  gave  small  amounts  (up  to  13%  calculated  on  the  acrylonitrile)  of  propyl- 
a.mmes  which  were  isolated  as  the  hydrochlorides.  We  have  published  a  short  communication  on  these  experi¬ 
ments  [4l 

The  p’-efereetial  fo'matio"  of  y-TalkoxytM-opylarrines  is  explained  by  the  fact  that  in  these  conditions  the  roost 
active  portion  of  the  acrylonitrile  molecule  is  rhe  double  carbon-carbon  bond,  and  therefore  competition  arises  be¬ 
tween  the  teaction  of  alcohol  addition  and  t'ne  reaction  of  hydrogen  addition. 


CH,=CH- 


RDCHjCHjCK-^^  ROCP,CH,CH,NH, 


‘‘  Ch^HjCN - CHjC.HjCHjKH, 


Ln  our  cortditlons  tne  velocity  of  ilie  first  reaction  predo.m mates  considetably.  The  large  amount  of  alcohol 
in  which  the  reduction  took  place  (molar  ratio  of  acrylonitrile  to  alcohol  =  1:45)  also  promoted  the  first  reaction. 
Trie'tfcager  liirtat are  data  about  tne  reduction  of  nitriles  of  urrsaturated  acids  by  Vyshnegradsky’s  method  indicate 
that  if  the  double  bond  is  ’•emote  from  ilie  nittile  group,  tnen  reduction  leads  to  the  corresponding  unsaturated  aminepi 
But  when  the  nirile  g’Oup  is  directly  located  at  the  double  bond,  then  the  latter  is  hydrogeruted  with  formation  of 
the  saturated  base  although  yields  of  amines  rarely  reach  20%  [6.7]  and.  indeed,  in  the  majority  of  cases  only  traces 
of  amines  can  be  isolated  The  main  products  cf  leduction  of  such  nitriles  are  hydrocarbons.  Thus,  Freund  [6] 
reduced  a  ■phenyiclnfamonitrile  and  isolated  5,  y  <llpnenylptop;’laminc  ana  diberrryli  the  amount  of  the  latter  was 
more  tnan  4  times  greate*  than  that  of  the  amine.  In  tl»e  case  of  cinnamonitrile  not  even  traces  of  -y -phenyl pro py lam Iric 
could  be  detected  in  the  end  ptcxiucts. 

Consequently,  if  tlie  oinle  group  is  conjugated  with  the  double  bond,  then  in  the  conditions  of  Vyshnegradsky’s 
’eactio'.  tl»e  red  'xTion  of  this  double  bond  is  inhibited.  The  result  of  this  is  that  other  reactions  can  proceed  which  arc 
facilitated  by  the  presence  of  ihe  polar  CN  group. 

In  out  case  sucb  a  reaction  was  the  addition  of  an  alcohol.  In  the  ca.«  of  nitriles  of  cinnamic  acids,  the  forma¬ 
tion  of  alkoxynitriles  is  evidently  hindered  by  the  presence  in  the  -^-position  of  a  phenyl  radical,  and  here  the  reactions 
p.t)ceed  in  another  direction  (in  the  main  with  cleavage  of  the  ni  .Ic  group). 
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The  formation  of  y-«lkoxyp«Dpyl»mIncs  at  the  main  productt  of  reduction  of  acrylonli-lle  by  lodlum  In 
alcohols  Is  cQiucquently  accounted  for  by  the  peculUrity  of  the  structure  of  this  molecule  which  permlu  reciprocal 


influence  between  the  CN  group  nnd  the  carbon^arbon  double  bond. 

The  preparation  of  y-alkoxypropyUminct  by  reduction  of  acrylonitrUe  (Vyihneg:adtky*t  method)  proved  U> 
be  a  convenie  .t  preparative  method.  For  example,  for  the  tynthesit  of  y-ethoxypropylaminc,  Utermohlen  p)  first 
performed  cyanoethylation  of  ethyl  alcohol  (yield  78^)  and  then  catalytic  hydrogenation  of  the  obuincd  nitrUe 
(yield  SO*?*),  i.e.  the  total  yield  of  amine  (calculated  on  the  acrylonitrile)  was  39?».  In  the  case  of  y-'butoxy propylamine 
it  was  61*5^  In  our  procedure  the  amine  yields  are  of  a  similar  order  but  the  final  products  arc  obtained  in  one  step 
without  separation  of  intermediate  products. 


EXPERIMENTAL 

Preparation  of  y  *EthoxypropyIamlne 

To  a  boiling  solution  of  5.3  g  (0.1  mole)  aaylonitrilein  130  ml  absolute  alcohol,  placed  in  a  two-necked  liter 
flask  fitted  with  a  high-capacity  reflux  condenarr,  was  added  15  g  sodium  over  a  period  of  20  minutes.  After  the  metal 
had  gone  Into  solution,  addition  was  made  to  the  alcoholic  solution  of  about  100  ml  water,  and  the  mixture  was 
steam-distilled  for  many  hours.  The  distillate  was  collected  In  a  receiver  conuining  10*?»  hydrochloric  acid.  A  purer 
product  was  obtained  by  bubbling  steam  through  the  hydrochloric  acid  solution  and  then  evaporating  this  solution  wt 
the  water  bath.  The  residue  a  thick,  yellow  oil  —  was  decomposed  with  solid  S’aOH  under  a  layer  of  ether  and 
repeatedly  extracted  with  absolute  ether.  The  ethereal  solution  was  dried  with  fused  KOH,  the  ether  was  distilled  off, 
and  the  base  twice  distilled  in  vacuum. 

There  was  obtained  3.0  g  y-ethoxypropylamlne  (yield  30%  calculated  on  the  acrylonitrile).  B.p.  4&-60*  at  30  mm. 
Preparation  of  y -Isobutoxy  pro^yla  mine 

Into  ml  hot  toluene  containing  22  g  sodium  •  was  run  a  solution  5.3  g  (0.1  mole)  acrylonitrile  in  350  ml 
absolute  isobutyl  alcohol  over  a  period  oi  30  minutes.  Throughout  the  whole  of  the  reaction  period  the  flask  was  heated 
Cl  an  oil  bath  at  a  temperature  of  140-150*.  After  the  whole  of  the  rodlum  had  dissolved  200  ml  water  was  added  and 
the  mixture  distilled  with  steam.  The  diaiiiate  was  collected  in  dilue  hyd-ochlorlc  acid  afie*  checking  that  the  solutio" 
was  acid  t®  Congo,  the  alcoholic  layer  was  separated  and  the  isobutyl  alcohol  dia died  off  with  steam.  The  residue  from 
the  diaillaiion  was  combined  with  the  aqueous  layer  from  the  first  diail'ate  and  evaporated  on  the  water  bath.  The 
y  isobuioxypropylamine  hydrochloride  was  dectwiposed  with  powdered  ^taOH  under  a  layer  of  ether  the  base  was  ex¬ 
tracted  with  ether,  and  tl»e  ethereal  solution  (about  300  ml)  was  dried  with  fu.sed  The  ether  was  distilled  into 

dilute  hydmchlo’ic  acid  and  the  residue  diailled  in  a  dephlegn^iator  ai  reduced  pressure  A  fraction  boiling  at  72-73* 

(34  mrr)  was  collected  Yield  8  27  g  or  f5,l%of  theory  calculated  on  the  acrylo'ibile  The  aq.eoirs  layer  vras 
separated  from  the  ether  distilled  into  hydrochloric  acid  and  evaporated  down  on  tlie  water  bath  to  give  1  28  g  wnrte 
crystals  of  propylamine  Iridrochloride.  M,p.  (from  aquecus  alcohol)  loC'  The  liieraiu'e  [9]  gives  m  p  157  158* 

Rcductron  by  a  similar  method  of  acrylonitrile  in  n  butyl  alcohol  (5.3  g  acrylonitrile  ir-  g  sodiurn  and  220  mi  of 
the  alcohol)  gave  y  butoxypropylamlne  m  44.3%  yield  B  p  78  79^  at  23mrr.  iV.  using  the  sime  quant'ties  of  sodium 
and  alcohol  fo*  reduction  of  3.2  g  (O.OGh  mole)  acrylonitrile,  the  yield  could  be  increased  to  59  bp  71  72*  at  19  rrrr 

y -boaii'' yloxypropylamine  was  isolated  from  the  products  of  reduction  of  acrylor.iiriJe  with  soai.ijp  In  isoairyl 
alcohol  Yield  41.4%.  b  p.  78  5-60*  at  lo  .mm. 

Trie  properties  and  constants  of  the  alkoxypropylamines  obtained  by  reduction  of  ac'ylo't’trile  co-respond  entirely 
to  iIk  popcriies  and  constants  of  the  amines  prepared  pfevionsly  by  us  P]  The  mixed  melting  points  of  the  plc'ates 
were  not  dep'essed 


•  The  .imounts  of  sodiu.m  .mJ  alcohol  use-J  were  1  1.  2  uines  .-u  much  as  those  usually  takeo  fot 
tlie  reduction  process. 
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STJMMAST 


1.  Fat  tits  Hot  dine  libs  ndoecten  of  soi^^taotzxQe  teas  efisetsd  by  (sidluin  lo  TaiioiB 

aksAob). 

2.  li  was  shown  that  in  this  leactlOR  the  alcohol  undergoes  cyanoethyiatlon  asd  is  by  rrdncTtns 

of  the  nitrile  group.  The  main  product  of  the  reaction  in  yield  is  y>«lkoxypropylamine:  only  an  insignificant 

amount  of  isopropylamine  is  formed. 

3.  The  method  can  serve  as  a  preparative  method  for  y-alkoxyptopylamlnea. 
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THE  REACTION  OF  ALDEHYDES  AND  KETONES  WITH  ACETIC  ANHYDRIDE 
IlL  REACTION  or  CYCLOPENTANONE,  ACETONE  AND  METHYLPROPYL  KETONE  WITH  ACETIC  ANHYDRIDE 


I.  V.  MachInskty*.  V.  A.  Barkhash  and  V.  I.  Molchanov 


In  iprevious  communications  one  of  us  showed  that  cyclohexanone  [1]  and  Us  homologs  C2]  react  with 
acetic  anhydride  In  presence  of  small  amounts  of  concentrated  sulfuric  acid  at  room  temperature  to  form 
enol  acetates:  in  short-period  reaction  the  enol  acetates  rue  accr.mpanled  by  dlacetates  of  hydrated  forms 
of  the  ketonei 

In  this  paper  we  describe  the  reaction  with  acetic  anhydride,  in  the  same  conditions,  of  cyclopentanone 
and  of  some  aliphatic  ketones. 


Cyclopentanone  was  reacted  with  acetic  anhydride  in  the  same  conditions  as  for  cyclohexanone  [ll 

The  data  show  that  cyclopentanone  appeals  to  react  with  acetic  anhydride  with  formation  of  the  enol- 
acetate,  as  evidenced  by  decolorization  of  bromine  water;  the  enol  aceute,  however,  appears  to  be  unstable 
and  during  diaillaiion  it  partly  undergoes  cleavage  with  formation  of  the  original  ketone  (the  distilled 
fractiorts  always  gave  a  precipitate  with  bisulfite  and  had  a  strong  acid  reaction  to  litmus)  •.  Of  the  expected 
reaction  products  we  only  succeeded  in  isolating  the  previously  undescribed  diacetate  of  the  hydrate  form  of 
cyclopentanone  (I),  a  crystalline  product  with  m.p.  37-39*. 


CH| '  ■  On  comparing  our  previous  results  for  the  reaction  of  cyclohexanone  [Ijand 

Its  homologs  [2j  with  acetic  anhydride  with  the  present  results  for  cyclopentanone. 
we  can  conclude  that  the  formation  of  the  aceute  of  the  enol  form  proceeds  more 
readily  in  the  case  of  cyclortexanoae  and  its  homologs.  This  conclusion  is  in 
harmony  with  the  data  of  htousseron  and  Wintemitz  [4],  of  Wallach  [5]  and  of 
certain  other  ipveaigatois  who  drew  attention  to  the  great  tendency  to  double^ 
bond  formation  in  the  eye  lobe  xancTiC  ring  in  comparison  with  the  cyclopenur»one  ring.**  Kiousseron  aiui 
Winternitz  [4]  arrived  at  this  conclusion  on  the  basis  of  stereochemical  considerations  and  of  a  series  of 
experlmenul  facts.  Wallach  [5]  esublished  that  the  reaction  of  acetone  with  cyclohexanone  and  its 
homologs  in  presence  of  sodium  alcoholat"  leads  to  fcsmaiion  of  condensation  products  with  a  double  bond  in 
the  ring,  whereas  with  cyclopcrtanone  the  condensattori  p'Oducts  contaLn  a  hemlcyclic  double  bond. 


CH,  CH, 

CfOCOCH^ 

(I) 


We  used  acetone  ard  meihylpiopyl  ketone  ir.  this  investigation  as  representatives  of  aliphatic  ketones. 

Previous  attempts  to  prepare  the  erol  aceute  by  leaciion  of  acetone  with  acetic  anhydride  had  been 
made  by  Mannich  [6]  and  Hancu  [71  In  both  cases,  however,  negative  results  were  obUlned••^  mesityl 
oxide  was  isolated  from  the  reaction  rrixtujc.  Formation  of  mesityl  oxide  was  also  observed  [S]  when  acetone 
was  heated  with  acetic  anhydride  in  presence  of  p-toluenesulfonic  acid. 

We  have  establuhcd  that  the  'eaciion  of  acetone  with  acetic  anhydride  at  room  temperature  In  presence 
of  a  small  amount  of  s'llfuJic  acid  gjves  a  liquid  product  \*iih  b.p.  49.5-50*  at  7  mm.  The  elementary  analysis, 
the  saponification  value  a^d  the  moleculai  refraction  corresporKi  to  the  diaceuie  of  the  hydrate  jorm  of 
acetone  (CHj,\C(OCiOCHi),  which  has  itot  previously  been  described  in  the  literature.  The  enol  aceute  of 
acetone,  reported  In  the  literature  to  have  b.p.  90-ir0,5*  [8J  was  not  detected  in  the  reaction  products. 

Reaction  of  mcthiylpiopyi  Ketone  with  acetic  anhydride  led  to  a  product  with  a  pleasa.rtt  ethereal 
odor  b  p  22,5-23  5*  at  4  mm  liselemenury  ani3ysls,  saponification  value  and  molecular  refraction 

•  It  must  be  pointed  out  that  the  enol  aceute  of  cyclopentanone  can  be  prepared  and  isolated  if  the  reaction  Is 
carried  out  in  other  cor^iiiors.  Thus,  MannJeh  and  Hancu  [3]  obtained  u.  although  in  very  small  yield,  by 
heating  cyclopentanone  with  acetic  anhydride  at  180*. 

••  For  the  literature  on  this  problem  see  the  papei  of  Mousse^-on  and  Wintemitz  [4], 

•••  Acetone  enol  acetate  hasbeer>  prepared  by  another  route  [8]. 
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corrcspoTjd  to  ibe  tate  of  the  enol  form  of  meihylpropyl  ketone.  On*  of  the  t'fO  following  formulas  is 
pottiblc  for  the  prepared  compound: 

CH^OCOCH,)=CH-Cl^CH,;  CH,=C(OCOCH,)-CI^CH,CH|. 

(3)  (HI) 

Formula  (II)  is  more  probable  ;  this  represents  the  enol  acetate  formed  as  a  result  of  enolizatfon  of  the  methyl  group. 
Thuv  Hancu  p)  obtained  the  enol  aceutet  of  diethyl' and  dlpropyl  ketones  by  heating  the  conespondlng  ketones  with 
acetic  anhydride  In  presence  of  sodium  acetate;  in  the  case  of  acetone,  however,  the  etrol  acetate  was  not  obtainedt 
but  mesityl  oxide.  BedukUn  [9]  obtairwd  the  enol  acetates  of  ketones  by  heating  ketones  with  acetic  arJtydride  in 
presence  of  p^oluene sulfonic  acid;  he  established  that  in  his  experimental  conditions  enolization  i^oceeded  at 
the  expense  of  the  methylene  atd  not  of  the  methyl  group  We  failed  to  detect  the  diacetate  of  the  hydrate  form 
of  rrethylpropyl  ketone  in  the  products  of  this  reactioa 

Consequently,  ketones  of  the  aliphatic  series  In  the  investigated  condition  enter  into  reaction  with  acetic 
arJiydrlde  with  formation  of  the  diacetates  of  their  hydrate  form  (acetone)  or  of  the  enol  acetates  (methylpropyJ 
ketone),  y 

In  the  conditions  of  this  reaction  an  investigation  was  also  made  of  the  behavior  of  an  aliphatic -aromatic 
keic^  (acetophenone)  and  of  a  purely  aromatic  ketone  (benzophenone).  We  established  that  acetophenone  does 
not  enter  imo  reaction  with  acetic  anhydride;  it  was  almost  completely  recovered  unchanged  from  the  reaction 
rrixtjre  together  with  an  icslgnificant  antouni  of  high-boiling  fractions  which  were  p’obably  autocoridensation 
ptni  jcts  of  acetophenone.  Beiuopheriore  likewise  does  r^o:  react  with  acetic  anhydride,  not  ever*  when  heated 
to  a  tennperature  of  100* 

EXPERIMENTAL 

1,  Reaction  of  Cyclopentanone  with  Acetic  Anhydride 

To  a  m’xtiire  of  28  g  freshly  distilled  cyclopentanone  ^b  p  128'130*)  and  102  g  acetic  anhyd’^ide  (also 
f'cshly  dialled  ”’b.p  137-140*)  was  added  0  26  ml  concentrated  s’Jfu’^lc  acid,  slight  beat  wa«  developed.  The 
mixtw’e  wi«  left  for  f  days  at  room  temperature  The  red-colored  mass  was  then  treated  with  ice  water  for 
decomposltio-  of  the  un'cacted  acetic  anhydride  artd  then  extracted  with  ether  The  aq-jeous  layer  was 
r.furralized  with  sodium  carbonate  and  again  extracted  with  ether.  The  combined  ether  extracts  were  washed 
with  sodium  carbonate  solution  until  neutral,  tlien  with  water,  and  d^ied  with  sodium  sulfate.  The  ether  was 
distilled  off  a*^  the  residue  distilled  in  vacuum  (4  mm) 

®y  distillation  howeve’  wc  failed  to  isolate  any  constant  bo’li''g  fraction  whatever;  the  product  boiled 
with  co'i'Urtl,  I'creasmg  terrperalare  from  23  to  75*  A  72  74*  f’action.  obtained  tr.  small  *troupt  crystallized 
O'’  staodi-g  afic:  two  recry aalllzations  from  moderately  heated  dilute  alcohol  the  crystals  had  rr..p  37-39'. 

7  -4.-  rrg  subsa'ice.  16  00  mg  CO,.  5.22  mg  H,0.  5.06  irg  substance-  10.91  nrg  CO,.  3  68  mg  H,0 

Foj.nd  ^  C  58  30.  58  4i.  H  7,80.  7.87.  Calculated  ^  C  58  05  n  7  58  Sapc'iftcation 

value  €08.  calculated  603. 

A  sreortd  dlrlllation  of  tlte  reaction  products  likewise  did  nor  lead  to  isslatlo.n  of  tfte  e'Ol  acetate;  a 
serle'  of  "ew  ha^tionj  with  lower  boiling  points  was  obtalred  they  decolorized  bromide  ware'  had  a  stro-gly 
acid  reac:;o'  a*d  a  high  sapo'  Ification  value.  Thus  the  fractlor  with  b  p  25  30  ’ at  4  mrr  had  sapo*'tfication 
valjC  24C  (calcjlated  fo-  the  enol  acetate  of  cyclopeniarKme  445) 

When  the  reaction  was  conducted  over  a  longer  period  of  time  ;21  days  or  30  days ).  we  again  failed 
to  ,sola’.e  tre  enol  acetate  in  tlie  pure  form;  however,  when  the  {'ac'ior^  brriling  at  23  26  ar  4  mm  had  been 
Purified  w.th  bisulfite  solution  they  gave  closer  artalyiical  results  (for  example  saponiticaticn  v*iije  402) 

Potass:. m  pe'.ranganate  oxidation  of  a  bisulfite  purif.ed  fraction  pave  glct»r‘c  acd  The  diarctate  of  the 
hycrate  for.m  of  cyclopentanone  wa'  obtained  in  ^mall  amounts  in  all  the  experiments. 

2  Reaction  of  Acetone  with  Acetic  Anhydride 

To  a  mir.tu  c  of  23  p  aceterte,  purified  through  the  bisulfite  compound  (b  p.  55  56').  a'd  123g  acetic 
*n.hydr-ae  (b  p  137  140*)  was  added  0  42  ml  concentrated  sjlfuric  ac  ,d  Slight  heal  was  developed.  The 
mixture  was  left  for  t3  days  at  room  temperature  and  acquired  a  reddish-brown  color.  TTie  reaction  mass  was 
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wO!i*ed  up  *$  In  th«  •iperiinc^t  with  cyclopenunone  TTie  residue  from  the  ether  distillation  was  subjected  to 
vacuum  distULaiio^  the  mAln  bu^'r-:,.{\>s(;  *t  42  43*  at  4  mm  and  a  second  distillation  giving  a  small 
ftoctioa  with  b  p  4C. S-60  at  7  mnx  TTme  pfndact  did  not  dccolotiae  bromine  water  and  was  acid  to  litmus, 

4  30  mg  substance ;  8  22  mg  Z  94  mg  1^  3  59  mg  subsunoe;  6.89  n«  CC^  t.47  mg  l%a 
Found  C  52.17.  52LS7;  H  7.66;  7.70.  CjHi^Q^  Calculated  %  C  52.49;  H  7.66.  SapsuilflcatiaB 
value  676;  calculated  700. 


To  a  mixtu'e  of  28  7  g  methylp’opyl  ketone,  purified  through  the  bisulfite  compound  (b.p.  100-102"), 
and  102  g  acetic  anhydride  (b  p  138  140*)  was  added  0.26  ml  coiKeniiated  sulfvk  acid  drop  by  drop.  The 
mixture  was  left  fo*  13  days,  at  the  end  of  which  period  It  had  acquired  a  reddish-brotm  color.  The  reactioa 
mixture  was  worltad  up  in  the  usual  manner.  In  view  of  the  fact  that  a  sample  of  the  residue  after  removal 
of  the  ether  gave  a  sm.4ll  precipitate  when  sbtlren  with  bisulfite,  the  whole  mass  was  treated  with  biailfite 
to  ellmivate  the  keto'^e  that  had  not  reacted  (a  toi»‘  of  2.5  g  bisulfite  compound  was  separated).  After  ^ 

removal  of  the  keio'^e  the  mlxtu'e  was  worked  up  in  the  usual  maru'cr.  The  residue  after  ether  removal 
was  subjected  to  vacuurrr  distillation,  the  macn  bulk  (9  5  g)  coming  over  at  24-26*  (6  mm):  it  decolorized 
hromi'je  water,  did  iv^t  form  a  precipitate  wUh  bisulfite  ajsd  was  neural  to  litmus.  A  second  vacuum  distillatioa 
gave  a  product  with  b  p  22  623  6*  (4  mir)  with  an  ethereal  odo.^.  1.4178:  d**  0.9043;  MRq  35.70; 
calculated  35.71. 

4  6C  mg  sjbstance  II  03  mg  CO,;  3  iS  mg  C  19  mg  vjbsance.  14  87  mg  CO^:  609  mg 

H,0  Fou'd  %>  C  C6  44  65  56,  H  9  29  9  20  Calculated  ‘S'.  C  65.60;  H  9.44. 

Sapontficatxo.-,  vAlue  421  calculated  43£ 

It  should  be  pointed  out  that  the  methyl  propyl  ketone  enol  acetate  that  we  obtained  differs  from  the 
e-ol  acetates  of  othe-  ketones  ;veviously  pepi’cd  by  us  in  that  it  boils  m.  a  narrow  temperature  mterval  and 
bas  a  neut'al  reaction  the  e?ol  acetates  of  cyclohexanoiie  and  its  homologs  always  had  an  acid  reaction 
and  dLsulled  over  a  faj»ly  wide  tcmpe'aiurc  ra''4te 

The  ’C'idue  f  oro  the  djsnllauon  of  methyl ivopyl  ketone  enol  acetaic  (a  ve*y  unall  amount  of  resinous 
subs’a'ces)  did  ’•ot  b-ve  tn  ode*  of  atetir  arnya'ide  as  bad  lieen  the  case  ir.  odier  teac'lons  in  which  the 
ducctate*  of  tl.e  by(l:.a:e  fo'jrs  nad  been  fo'med  (eye  lo}ie>-anone  and  its  hoinologsl 

S’JMMA  RY 

1  h  wa;  ektabtisTiC-d  th.^it  the  .’eaction  of  acetic  a'hyslride  with  eye  lone ntanone  at  soom  icmpctarjye  to 
P'cscnre  cf  »  srpfll  amo,.''^'!  of  cf>'v  ennated  sulfu'ic  acid  }i»yc  s.mong  orltr  producta.  the  dtacetaie  of  the 
hydrate  fo  m  of  tyclopenu*cs'‘c*  arc  p’eviousjy  ticsca.hed  in  tne  litcatije 

2  It  timila*  rar.Jiiuo'is  oceio'e  fa  ms  the  duceiace  of  'he.  hyd’are  form  of  aceicr*.  i^ct  pccvjovafy 
desc'lhed  in  the  lite'a'..^e  Methylp'opyl  keior'e  'cscis  in  the  saa*c'co.ndliior’s  with  ^cr:Twaite,of  It*  e’lOl 
acetate 

3  Aceiopr^.no' e  a'.d  bc"20ji5eno''£  do  nor  cjer  tiio/tvaclion  with  Acc7.ic  a’^hydrldc  to  these  corvditioiii 
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SYNTHESIS  OF  a-HALO  KETONES  OF  THE  ACETYLENE  SERIES 


N.  K.  Kochetkov 


Ketones  of  the  acetylenic  series  containing  a  triple  bond  conjugated  with  the  carbonyl  group  were  flrH 
prepared  by  Nef  [1]  and  later  invesUgated  by  Momea^  [2.3].  Andre  [4]  and  others.  More  recently  a  method 
has  been  developed  for  the  synthesis  of  the  simplest  representatives  of  this  series  (ethinyl  ketones)  and  some  of 
their  chemical  transformations  have  been  studied  [51  Compounds  of  this  type,  possessiirs  the  conjugA^^ 
system  ““C.-.  C“’C=0,  are  distinguished  by  high  reactivity  and  serve  as  starting  materials  for  a  number  of 

syntheses.  -Up  to  now  ketones  of  the  acetylenic  series  containing  other  functional  groeps  have  been  unkruswn. 

And  it  is  evident  that  the  presence  of  such  groups  considerably  broadens  the  range  of  transformations  of  thee 
compounds  and  provides  great  opportunities  for  their  utilization  for  synthetic  purposes. 

This  investigation  is  concerned  with  the  synthesis  of  ketones  cf  the  acetylenic  series  containing  a  halogen 
atom  in  the  o~po$ition  to  the  carbonyl  group.  U  was  thought  that  the  synthesis  of  these  compounds  could  be 
realized  by  leacting  the  sodium  derivative  of  the  acetylenic  hydrocarbon  with  the  acid  chloride  of  the  a-faalo 
acid  in  accordance  with  the  scheme: 

RC=  CNa  +  XCOCHXJf - ►  RC=^CCOCHXR*. 

It  could  be  assumed  that  only  the  halogen  of  the  acid  chloride  grouping  would  enter  into  the  reaction. 
Such  a  reaction  course  is  consistent  with  the  reports  in  the  literature  about  the  behavior  of  metallic  derivatives 
of  acetylenic  hydrocarbo.ns  which  readily  react  with  acid  chloride*  [1.2. 3.4)  and  are  alkylated  with  great 
difficulty  by  the  actior  of  alkyl  halides  in  a  medium  of  nonpolar  solvents  [6). 

We  investigated  the  preparation  of  a  balo  ketones  of  the  a  tylenic  series  with  reference  to  the  reaction 
of  tl>e  sodiumi  derivative  of  phcnylacetyiene  with  chloroacetyl  chloride.  From  the  reaction  mixture  was  isolated 
a  crystalline  subsu.nce  with  the  composition  Ci*HtOC1,  m.p.  37*.  conuining  halogen,  giving  a  reaction  for  a 
multiple  borxi  and  a  carbonyl  group  The  siructuie  of  this  compound  was  established  by  reduction  with  zinc  dust 
in  alcohol  with  addiiiojt  of  acetic  acid.  Reduction  with  excess  of  zinc  dust  gave  bemylacaone  (identified  in  the 
form  of  its  se m lea rba zone)  and  a  crystalline  substance  with  m.p.  160-161*.  which  proved  to  be  Identical  with 
the  4.5-dipheny!octar.eaiol-2,7  ptepa’ed  by.Hairies  and  Eschenbach  [7]  by  reduction  of  beirzalaceione  with 
alumlrnirr  amalgam  Reduction  with  a  molar  equivalent  of  zinc  dust  gave  a  52^55  yield  of  phenylethinylmcthyl 
ketone,  wluch  was  identified  by  its  dinitrcphei.yllr/drazone  and  by  conversion  into  phenylmethylpyrazolone.  In 
this  case,  therefore,  the  triple  bo^d  remains  intact  on  reduction,  so  that  we  have  direct  evidence  of  the  structure 
of  the  p»epared  compound.  Consequently  the  condensation  of  sodi'im  phenyUcetylide  with  chloroacetyl  chloride 
proceeds  ancoiding  to  the  above  scheme  and  leads  ic  Tphenyl— » chlorobutyne-l-one-S.  wliose  reduction  may  be 
represented  by  the  following  equation: 

C*H,C  —CCOChjCl - CjH^C  CCOCH, 

I 

C..l%CHCrl,COCH»  i 

I  -H-C5H4Cri=-ChCOCK, - ►  C,HjCH,CH,COCH, 

CtFV.CHCHjCOCK, 

Other  acid  chlorides  of  a-n*lo  acids  react  with  sodium  phenylacetyllde  in  a  similar  manner  to 
chloroacetyl  chloride.  Wc  performed  this  reaction  with  the  acid  bromides  of  o'bromopropicnlc.  a-bromo- 
butyrlc  and  O“brornoisobutyrlc  acids,  and  we  obtained,  respectively.  l*phenyl’4  bromopentyT.e-l-one-3, 
l*?>henyl-M bromohexyne-Tore  -3  and  T  pheriyl-^-bromomethylpentyne-l-one-3. 

The  reaction  is  carried  out  by  adding  an  ethereal  suspension  of  sod  um  phenylacetyllde  to  the  acid 
chloride,  u  proceeds  tather  violently  and  is  complete  after  a  few  hours.  In  all  cases  a  portion  of  the  phenyl- 
acetyler«e  is  recovered  unchanged  even  when  using  a  considerable  excess  of  acid  chloride.  The  yields 
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of  »cetyle«Ic  keton«  are  about  40^  on  ibe  average  and  fall  lUgbUy  wtth  increaiing  ilae  of  alkyl  ladlcaL 
Data  fox  the  compounds  prepared  appear  in  the  table. 


Halo  ketones  of  the  acetylenic  series 


Hane 

! 

'Yield 

8.P.  (7  mm) 

! _  _ -J 

M.P.  of  the 

Clfc) 

1 

Found 

Calc. 

2,4-diiiltR>- 

pheayl- 

hydrazone 

1 

l-dtseayl-d-cklorobetyne-l-ene-S 
(m.pt  37*) . 

42:5 

135-137* 

.170-131* 

l-llienyl-44tfomope  myiie-l«eae-3 

47 

145-146 

1.3668 

1.6006 

58.36 

55.48  1 

1 

i  *.« 

188.5-189 

l-PheByl-4<^omohe  xyne-l-oae-S 

37 

167.5-168.5 

1.3155 

1.5880 

64.16 

60.09 

(  4.07 

163-164 

l-Aeayl-4-brom  0-4-01  ethyl- 
peisyne-l-Ofle-3 . 

36 

146-148 

1.3037 

1,5843 

64.43 

6C.09 

1 

4.34  j 

1 

j  173.8-174 

At  v<e  see  from  the  table,  the  prepared  a-halo  ketones  are  distinguished  by  a  fairly  high  exAltatloa  of 
molecular  refraction,  h  is  Imerenlng  to  note  that  the  magnitude  of  thisecaltaticxi  is  apteoxlmately  greater 
by  0.6-0, 7  than  the  exaltation  of  the  cocrespoodlng  acetylenic  ketones  not  containing  a  halogen  atom  [4], 

This  difference  corresponds  exactly  to  the  magnitude  of  the  exaltation  characteristic  of  the  simplett  a'halo 
ketones  (chi oxxiace tone,  biomoacetme).  Consequently,  in  our  case  the  exaltatioa  cf  mt^ecttlar  reftactloa  is 
composed  of  theoxalutioschasactctlstlc  of  the  system  '~C=  CtC^O,  and  the  exaltation  of  the  system 
-COCl%X.  ' 

All  the  ptepared  coiupounds  maxtlkst  nnsatuiatlon:  they  decolorize  permanganate  and  bromine  water. 
Tcey  readily  form  derii'atlves  at  the  carbonyl  gxojp:  the  2.4>dl£liiopbenylhydxazones  were  selected  for 
pu.’poies  of  chars^terlzatioa  since,  as  fax  as  we  are  a«<aje.  they  have  the  least  teadency  to  form  cyclic 
derivatives  due  to  secondary  .^ant formations. 

The  prepared  acetylenic  a-^lo  ketones  are  characterized  by  sensitivity  to  alkaline  rgents.  Alct^olic 
and  aqueous  soluuoos  wf  caustic  alkalies  In  the  cold  and  sodium  carboMte  solution  at  higher  temperatnies  bring 
about  almost  complete  reslnlflcatlon  of  the  halo  ketone.  The  same  change  occurs  when  the  halo  ketone  U 
boiled  with  an  aqueous  suspension  of  barium  carbonate.  This  behavior  Is  undoubtedly  associated  with  the 
lability  :  ^  the  halogen  which,  as  we  know  from  the  work  of  A.  E.  Favorsky,  S.  1..  Danilov  and  others,  is 
chaiacterifilc  of  a^lo  ketones  in  general;  In  tm  case  the  lability  of  the  whole  system  Increases  markedly 
due  to  the  presence  of  the  neighboring  double  bond. 

By  contiast,  the  prepared  compounds  fse  fairly  suble  toward  acid  agents.  Heating  of  a  methyl  alcoholic 
solution  of  phenylethinylchloromeihyl  ketone  with  »odlum  sulfate  solution  In  a  sulfuric  acid  ioedium  resnlts  In 
development  of  a  characteristic  reddish-brown  color  with  an  Intense  green  fluorescence.  This  phermmenoa  It 
possibly  associated  with  formation  In  the  reaction  mixture  of  a  compound  of  the  oxonlum  type  due  to  cycllzatloa 
of  the  formed  chlorine-containing  a-diketone.  The  cause  of  this  phenomenon  has  not  yet  been  closely  audled. 

EXPERIMENTAL 

I.  1 -  Phenyl -4 -chlorobutyne-l-one-3 

To  a  solution  of  30.6  g  (0.3  mole)  phenylacetylenc  and  100  mi  absolute  ether  it  added,  with  cooling. 

7,9  g  (0.3  mole)  finely  sliced  sodium.  At  the  conclusion  of  the  energetic  reaction,  the  mixture  it  reflnxed  for 
an  hour  until  the  metal  has  completely  dissolved.  The  resultant  suspension  of  sodium  phenylacetylide  U 
stirred,  with,  cooling  (Ice -salt)  In  small  ponlons  into  a  talutlon  of  35  g  chloroacetyl  chloride  in  60  ml  absolute 
ether  In  the  course  of  an  hour.  After  all  has  been  added,  the  bath  temperature  Is  talaed  giadnally  to  room 
temperature  and  fhe  itlnlng  continued  for  4  hours.  Addltma  Is  then  made  to  the  mixture  of  150  ml  cooled 
55#  hydrochloric  acid,  and  the  mlxtiire  is  clrxed  for  H’ioiltet  30  minutes.  The  ether  layer  Is  separated  and 
the  aqueous  layer  Is  extracted  with  ether:  the  combined  extracts  are  washed  with  cold  sodium  carbonate 
solution  aivd  dried  over  calcium  chloride.  The  ester  Is  dluUled  off  and  the  residue  ftactmnated  In  vacuum. 

The  following  fractions  (at  7  mm)  were  collected:  1)  to  40*  9.0  g;  2)  40-136*  L5  g:  3)  136-13B*  16.0  g;  4)  residue 

10.0  g. 
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The  first  fraction  was  lUirc acted  i«henylacetylene:  It  may  be  reused  for  synthesis.  The  third  fraction  rapidly 
crysuUlzed  almost  completely.  After  recrystallization  from  llgroine  it  formed  colorless  needles  with  m.p.  37*. 

Yield  14.5  g. 

Found  C  66.85,  66.78:  H  3.82.  3.78.  CuH^OQ.  Calculated  C  67.22;  H  3.90. 

The  substance  is  readily  soluble  in  organic  solvents,  less  soluble  in  llgroine,  insoluble  in  water.  It 
rapidly  decolorizes  a  solution  of  permanganate  in  acetone  and  a  solution  of  bromine  in  chloroform. 

DLnltrophenylhydrazone.  Prepared  by  the  usual  method  in  glacial  acetic  acid,  from  which  it  also 
recrystallizes  in  fine,  golden  needles  with  m.p.  170-171*. 

Found  N  15.82,  15.72.  Cj,Hu04N^  CalcuUted  N  15.62. 

Insoluble  in  water,  benzene,  ether:  poorly  soluble  in  alcohol;  soluble  in  acetic  acid. 

II.  l*Phenyl-4-bromopentyne-l-one-3 

This  compound  is  prepared  by  a  similar  method  from  sodium  phenylacetylide  (from  15.32  g  j^nyl- 
acetylene,  3.9  g  sodium  in  70  ml  absolute  ether)  and  a  solution  of  36.6  g  (0.17  mole)  a~bromoptopionyl 
bromide  in  40  ml  absolute  ether.  The  following  fractions  were  collected  on  distillation  In  vacuum:  1)  to 
•lO*  5  g  (unreacted  phenylacetylene):  2)  40-147*  1.5  g;  3)  147-152*  14.0  g:  4)  residue  3.5  g. 

A  second  distillation  of  the  third  fraction  gave  11  g  l-phenyl-4-bromopentync-l-or.e-3  with  b.p.  145-146* 
at  6  mm.  Amber-colored  oil.  slowly  daikerlrg  when  kept. 

Found  C  55.67,  55.59,  H  -3.79,  3  74.  CuH/DBr.  Calculated  V  C  55.69;  H  3.79. 

The  dinltjopherylhydrazone  consists  of  fine  yellow  needles  with  m.p.  188.5-169*.  ftiorly  soluble  In 
alcohol,  insoluble  in  water,  soluble  In  acetic  acid.  Fourel  N  13.29,  13.46.  C17HUO4N4&.  Calculated. 

N  13.45. 

III.  1-Fhe  n  y  1  -  4-biomohexy  ne  - 1  -one-3 

Prepared  from  16.3  g  (0.15  mole)  phenylacctyle.ic.  3.7  g  sod’um  and  39.0  g  (0.17  mole)  o-teomobutyryl 
b'omlde.  After  vacoum  -distlUation  of  the  reaction  oroduct.  the  following  fractions  were  collected  (at  8  mm); 

1)  to  40*  4.5  g  (unreactcd  phenylaceiylerKr);  2)  40-  1C5*  1.5  g;  3)  1C5  177*  9.9  g,  4)  residue  6,3  g. 

A  second  distillation  of  the  third  fraction  gave  9.7  g  l-phenyl  4-bromohexyne-l-one-3  with  b.p.  167,5-168.5* 
at  7  mm.  Amber-coloreu  oil.  slowly  darkening  when  kept. 

Found  C  5'..24.  57.33,  H  4.45.  4.48.  C„HyOBr.  Calciiated  C  57.39;  H  4.38. 

Dlnltroplrgnyl h yd»^azoiic.  Cha'-gc  yeliow  needles  with  m.p,  163-.,64*.  Insoluble  ir  water,  poorly  soluble  in 
alcohol,  soUble  lit  acetic  acid. 

Founds.  N  12  94  12.79  CuHij04V4Br.  Calcu. ared  <5®:  N  12.5?. 

IV.  l-Pbcnyl--4-bro.''no-4-rpethy]pentvne-l-one-3 

Prepared  from  15.3  g  (0.15  mole)  phenylacetylene,  .3.7  g  sodium  a'xl  35.0  g  (C.17  mole)  c  iKomolso- 
butytyl  bromide.  The  following  fractions  wcie  collected  after  vacuurr-distdlation  (7  mir)  of  the  reaction 
product.  1)  to  40*  6. 0  g  (uireacted  plienylacetylenc).  2)  40-145*  4.0  g.  3)  145-150"  13.0  g.  4)  residue  5.2  g. 

A  second  dlsrillatlon  of  the  third  fraction  gave  8.S  g  l-piicnyl  4  •b.'Oiro-4 -rrvetnyipt.ntyr.e -1  ODe-3  with 
b.p.  14C-148'at  7  rrm.  Amber  oil,  slowly  dati  cnlng  when  kept. 

Found  <%.  C  67.28,  57,09.  H  4.44,  4.28.  CuHijObr.  Calculated  C  67.35,  H  4.38. 

Dinitrophcnylhyd^azone.  Oange-yellow  needles  with  m.p.  173.5-174*.  Insoluble  In  water,  poorly 
soluble  In  alcohol,  soluble  in  acetic  acid. 

Fo»jr.d N  13  08.  13  11.  Ci,HiiO^\4br.  Calculated  N  12.59. 

V.  Reduction  of  l-Phenyl-4  c  hlor  obuty  -  one-3  with  Lxce  s  s  o  f  Zinc  Du^ 

To  a  solution  of  7.6  g  chloroketcne  in  150  ml  alcohol  was  added  50  ml  acetic  acid  followed,  in  small 
portions,  by  13  5  g  zinc  d.>si,  the  tempe  rature  of  the  mixture  being  kept  at  about  40*.  The  *eaciion  was 
completed  by  tefluxlng  the  mixture  at  50*.  Tue  hot  solution  was  then  filtered  fiom  the  excess  of  zinc  dust, 
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and  the  alcohol  was  distilled  off.  The  residue  formed  two  layers.  U  was  exuacied  with  ether  and  the  extract  washed 
with  water  ard  dried  over  sodium  sulfate.  On  the  following  morning  the  crystals  were  filtered  off  from  tho  extract  ^ 
(yield  of  crystals  0.5  g).  After  wcrysulllzatlon  from  alcohol  the  product  formed  colorless  needles  with  m  p.  160.5*. 
The  etner  was  driven  off  the  extract  and  the  residue  therefrom  was  distilled  in  vacuum  to  give  the  following  fractions 
(at  13  mm);  1)  to  110*  a  few  drops;  2)  110-115*  2.0  g;  3)  115-150*  a  few  drops;  4)  150-200*  1.6  g. 

The  fourth  fraction  crystallized  completely  In  the  receiver.  The  crystals  were  pressed  and  recrystalllxed 
from  alcohol  ether  mixture  to  give  0.9  g  colorless  crystals  with  m.p.  160*  which  did  not  depress  the  m.p.  in 
admixture  with  the  substance  crystallizing  from  the  extract.  The  mixed  sample  of  both  portions  of  the  substance 
with  4.5-diphenylDctadioiie  2.7  pjdoes  not  give  a  melting  point  depression. 

The  second  fraction  was  converted  by  the  usual  method  Into  the  semlcabazotse  which  formed  colorless  crystals 
(from  aqueous  methyl  alcohol)  with  m.p.  141-142*.  A  mixed  sample  with  the  semlcarbazone  of  bcnzylacetone  did 
not  give  a  melting  point  depresslrm. 

vr  Reduction  of  l-Phenyl-4-chlotobutyne-l-one-3  with  a  Molar  Amount  of  Zinc  Dust 

Into  a  solution  of  5.0  g  chloroketone  in  176  ml  7^  methyl  alcohol  is  introduced,  poruonwi*(0.2  g  portions 
over  a  period  of  an  lu)ur.)2  3  g  zinc  dust,  and  addition  is  made  simultaneously,  in  2  ml  po.»^tiDns,  of  20  ml  25^  acetic 
acid.  Each  portion  of  zinc  dust  was  only  Introduced  after  the  previous  one  had  completely  dissolved.  The  mixture 
was  then  shaken  for  another  hour  and  then  fUteied,  and  the  methyl  alcohol  driven  off.  The  residue  formed  layers 
and  was  extracted  with  eihet.  The  extracts  were  twice  washed  with  water  and  dried  over  sodium  sulfate.  The  ether 
was  driven  off  and  the  residue  distilled  Ln  vacuom,  the  following  fractions  being  collected  (at  5  mm):  1)  to  110*  a 
few  d'ops  2)  110-112*  2.1  g  (52‘!fcof  the  ibeoreiical),  3)  112-120*  0.4  g. 

The  second  fraction  had  the  following  consunts  after  a  second  vacuum  distillation:  b.p.  110-111*  at  5  mm; 
eiJ  1  5742  di*  1.0257.  (Literature  data  for  phenyleihinylmethyl  ketone  [4].  b.p.  122- 124*  at  13  mm;  n{)  1.5728, 
dV  1.024). 


The  dinltropbenylhydrazone  formed  orange -yellow  ctysrals  with  m.p.  185-186*.  A  mixed  test  with  the 
dtrjpopbenylnydiazone  cf  pfienylethinylmethyl  ketone  did  not  give  a  melting  point  depression. 

Pne^Imethylpy’-azolone.  Prepared  by  the  .method  of  Ktoureau  and  Brachin  [8]  and  had  m.p  123-124*  after  re- 
crysiallization  from  25‘56ako.nol.  A  mixed  test  with  an  authentic  specimen  of  phenylmethyl pyrazolone  did  not  give  a 
melting  point  depression. 


SUMMARY 

1  Reaction  of  sodium  phenyl  ace  tylide  with  acid  chlorl'’es  of  a  4ialo-s-ibstituted  acids  gives  a  halo  ketones  of 

the  acetyle'c  series  Preparation  was  accomplished  by  this  method  for  tl*e  fpst  time  of;  l~phenyl-4<hlorobutyne-l 
o::e-3  1 -phenyl -4 -b’omopentyne  1  onc-3;  i-phenyl  4  hromohexyne  ior.e  3.  and  l-pr»e»iyl-4-bromo-«  meihylpenryr»e-l  * 

one-3. 

2  TTie  spiictu'e  of  the  prepa  ed  compounds  was  proved  by  leduction  of  tlie  fust  membe'  of  the  senes.  1-phenyl  - 
4-<hiorobutyne  l-one-S  with  zinc  d'jsi  to  pherylethinylrr'cthyl  ketone.  When  using  excess  of  fcducirg  agent  rne 
^eact.on  leads  to  benzylat  ,.ore  *.rd  4,5  diphenyloctadiorie-2.7. 
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METHODS  OF  DETERMINATION  OF  THE  STRUCTURE  OF  TERTIARY 
ACETYLENIC  ALCOHOLS  AND  OF  y-ACETYLENIC  GLYCOLS 

IL  DETERMINATION  OF  THE  STRUCTURE  OF  ACETYLENIC  ALCOHOLS.  y-GLYCOLS  AND 
DIACETYLENIC  GLYCOLS  BY  OZONI2ATION  AND  BY  THE  SPECTRDGRAPHIC  METHOD 

A.  I.  Lebedeva.  T.  A.  Mishnina  and  R.  P.  Ryskina 


We  know  from  previous  investigations  [1]  that  oxidation  of  acetylenic  glycols  with  pctassium  permagnate 
in  aqueous  or  acetone  solution  gives  a  ketone,  an  a-^iydroxy  acid  and  oxalic  acid,  Le.  the  same  products  dut  must 
also  be  formed  on  oxidation  of  dlacetylenic  glycols  with  a  conjugated  system  of  triple  bonds.  Consequently  this 
method  cannot  be  used  for  determination  of  the  structure  of  glycols  having  the  general  formula 


We  decided  to  apply  ozonizaJon  and  ultraviolet  spectrographlc  analysis  for  the  determlrution  of  the  struc¬ 
ture  of  these  compouiuis. 

Although  the  czonization  of  acetylenic  compounds  was  first  given  attention  over  45  years  ago,  this  field  has 
still  not  been  exhaustively  investigated.  There  are  still  r»o  una.Tibiguous  answers  to  the  question  of  the  aructure  of 
the  ozenides  of  the  acctylemr  series,  of  tie  mechanism  of  Lhc  processes  taking  place  during  ozoioaaiioii  and  during 
decomposition  of  the  oaorddes.  Sonne  investigacors  believe  {2]  that  ozonization  of  the  acetylenic  bond  proceeds  through 
the  a»ge  of  formation  of  1.2-d  Lke tones  which  are  then  oxidized  by  hydrogen  peroxide  formed  by  decomposition  of  the 
ozonidcs,  giving  saturateu  acids.  Such  dikeiones  were  Isolated  in  the  ozonizaiion  of  dipherylacetylene  and  benzyl- 
pbenylacetylene  [3],  With  the  help  of  ultraviolet  spectrography,  Kahn  arid  Newman  [4]  succeeded  in  showing  that 
ozonization  of  stearolic  acid  gives  9. 10-dike losteaxic  acid. 

We  were  unable  to  find  in  the  literature  any  references  to  the  ozonization  of  acetylenic  y-glyccls  and  dlacetylenic 
glycols  Before  undertaking  actual  ozonizaiiors,  therefore,  v.e  found  it  necessary  to  select  unifo'm  conditions  with 
respect  to  solvent,  temperaure.  method  of  decomposiuor.  and  analysis  of  iha  p'oducts  of  ozonolysls.  h-  preli.mir.ary  ex- 
perinvents  it  wav  t  s*.ib!t'.‘'ed  that  the  acetylenic  compourkis  under  investigation  absorbed,  at  the  most.  6D  -65‘S)  of  the 
amount  of  ozone  Introduced  It  was  al.so  established  that  methyl  alcohol  and  ethylaceiate  react  with  ozone  daring 
ozonization  in  our  conditions;  we  tiierefote  chose  chloroform  as  solvent.  Ozonization  was  performed  a’*  20*  when  the 
ozonization  temperature  was  lowered  tc— CO*,  tlie  siarung  .material  tame  out  of  solution  Dererrrlnaticns  were  made 
throughout  periods  of  15  minutes  of  tlie  amount  of  ozone  entering  the  reaction  vessel  and  leavLng  it.  Ozonization  was 
stopped  after  addition  of  the  ilieorctically  calculated  a.mount  of  ozone.  In  figure  1  (see  also  Table  3)  on  the  ordinates 
is  plotted  the  ainou.m  of  o.zonc  absorbed  in  unit  time,  the  abscissas  show  the  period  of  time  We  see  f^orr  the  curves  that 
tlie  rate  of  ozoni.:ation  of  tetraethylbutynediol  was  constant  up  to  the  absorption  of  ore  n-oIcc-Je  of  ozone,  a'ld  then  fell 
rather  sharply  In  the  ozonization  cf  the  dlacetylenic  compound  3,8  dimeihyl-l  C  decadivne  3,8-diol.  the  rate  was  con¬ 
stant  up  to  absorption  or  appro.ximatcly  one  molecule  of  ozone,  after  which  It  gradually  dropped  vptU  two  molecules  of 
czone  had  been  taken  up,  L*’  this  respect  the  rate  of  ozonization  of  tht“C  bo'-ds  is  reminiscent  of  the  rate 

of  ozonization  of  conjugated  dienu.  syste.ms.  itarries  [5]  had  already  established  that  un  corrhouc-ds  containirg  two  con¬ 
jugated  double  bonds,  the  first  molecule  of  ozone  adds  on  much  more  rapidly  than  the  second.  We  also  know  fmm  a 
later  investigation  [C]  that  in  the  ozonization  of  compounds  with  two  or  three  conjugated  double  bonds,  only  one  molecule 
of  ozone  adds  on  quickly,  and  a  gradual  fall  in  the  rate  of  ozone  absorption  is  then  observed. 

During  the  ozonization  of  dicthylderadiyiicdlol  we  obse’’ved  that  the  solution  changed  color  K-  the  first  period  the 
coloi  became  yellow  in  the  second  period  it  changed  from  light-green  to  blue. 

In  the  ozonization  of  terra  p-tolylbutymediol  and  methyl-p- toiylethlnyl  carbinol,  the  sfKed  is  low  and  gvidually 
decreases  throughout  the  entu*e  process.  No  mflection  whatever  could  be  observed  in  the  cu've  after  addition  of  one 
molecule  of  ozone.  If  we  stopped  the  ozonization  after  addition  cf  one  molecule  of  ozone,  we  tecovered  up  to  60^  of 
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the  suiting  rojicrul  u<ichnttged.  All  this  supported  the  view  that  in  the  case  of  aromatic  constituents,  ozone  reacts  not 
only  with  the  tiijSe  bond  but  also  with  the  aromatic  nucleus.  Resulu  of  analyses  of  the  ozonolysis  produtu  appear  In 
Table 

We  see  from  this  table  that  the  structure  of  acetylenic  y-glycols  of  the  aliphatic  series  can  be  determined  by 
quantitative  ozonlzation  with  arbitrary  quantitative  allowance  for  the  ozonolysis  products.  This  method,  however, 
has  a  number  of  limitations.  With  increasing  molecular  weight  of  the  substituents,  the  yield  of  oxalic  acid  increases 
while  that  of  a-hydroxy  acids  decreases.  The  increase  in  oxalic  acid  yield  is  particularly  large  in  ozonlzation  of 
aliphatic-somatic  acetylenic  glycols.  Another  drawback  is  the  rather  long  period  involved  Ln  the  process  of  ozonlzation 
and  in  analysis  of  the  ozonolysis  products. 

In  the  light  of  the  above  facts  we  decided  to  apply  the  spectrogiaphlc  method  to  analysis  of  the  diacetylenic 
compounds.  We  krrow  that  acetylenic  compounds  in  which  the  triple  bond  Is  not  conjugated  with  another  unsaturated 
bor.d  or  with  a  carbonyl,  nltro  or  nltroso  group  possess  a  strong  absorption  In  the  ultraviolet  in  the  short  -wave  region 
rot  higher  than  2200  A, 

When  the  triple  bond  is  conjugated,  however,  with  onecr  several  double  or  triple  bonds,  a  corslderable  shift  occurs 
In  the  maximum  of  light  absorption  toward  the  longer  wave  region  and  a  significant  Irtc'^ease  In  the  Intensity  of  absorp¬ 
tion.  Using  the  method  of  variable  thickness  of  layer,  we  plotted  on  the  SP-22  spectrograph  the  absorptlotu  of  the  ^ 
following  coirpcu.nds:  1)  3,8-dtmethyM.6-decadlyne-C.8-diol;  2)  3,8-^iethyM,6-decadlyne*3.8-dlDl;  3}  4,9-^imethyl-5,7'' 
dodecadiyre-;, 9<liol;  4)  2.9-dimethyl-3.8-<liisopropyl-;,6*decadiyne"3;8-<ilol,  and  5)  2.7 -di-p-tolyl  3.5~octadlyne-2.7- 
diol.  Tne  plots  sliowed  that  all  of  the  investigated  diacetylenic  glycols  have  an  absorption  maximum  in  the  2400- 
2r.C0  A  region  For  quantitative  chaiacterization  of  the  intensity  of  absoipuon,  plots  were  constructed,  with  the  SF^i 
spec ttopho tome te»  (Peckmann  system),  of  the  absorption  carves  of  the  following  compounds;  1)  2,5  di  p-iolyl-3-hexyne- 
2.5-<iiol;  2)  3.8-dlethyl-4,6-decadiyne-3,8-dicU  ar<d  3)  2,7-dr-p-lolyl-3.5ociadiyne-2,7<iiol. 

For  comparison  with  our  own  results.  Table  1  also  contains  data  of  other  investigators.  Some  of  these  data  were 
published  when  we  had  already  completed  the  experimental  part  of  the  present  Lnvestigatlon. 

TABLE  1 
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Our  data 


The  prirtcipal  maximum  of  toluene  is  at  2620  A. 
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It  Is  seen  from  die  <fau  of  Table  1  that  diacetylenic  glycols  of  the  aliiihatic  series  possess  not  le»  than 
two  characteristic  absorption  maxima  in  the  ultraviolet  at  2410  and  2560  A. 


The  presence  in  the  molecule  of  a 
diacetylenic  glycol  of  aromatic  substituents 
possessing  their  own  specific  absorption  maxima 
has  no  appreciable  influence  on  the  position  of 
the  maxima  characteristic  of  the  -C^C*C-  O* 
bonds.  This  is  demonstrable  with  particular 
clarity  by  the  curves  obtained  when  Investigating 
acetylenic  and  diacetylenic  compounds  in  the 
uluaviolet  in  the  SF>11  spectrograph  (Figs.  2 
and  3). 


7//h^ 

Fig.  1. 

1)  Tetraethylbutynediol:  2)  dimethyldecadiynediol: 
3)  tctra-p-tolylbutynedlol;  4)  methyl-p-tolylethlnyl 
carbit^L 


Consequently  the  ultraviolet  method  permits  the 
possibility  of  establishirig  the  presence  in  the  investigated 
product  of  a  compound  with  a  conjugated  system  of  triple 
bonds. 


EXPERIMENTAL 

Preparation  of  4.9-dimethyl‘5.7-dodecadlvne^.&-diol. 
20  g  merhyl  -n-propyiethiny}  carbirjol  was  added  to  a  mixture 
cor.sisUng  of  60  g  ammonium  chloride,  20  g  cuprous  chloride 
and  250  ml  water.  Oxygen  was  passed  through  the  mixture 
with  good  stirring  for  2  hours.  The  resultant  precipitate  was 
filtered  off  arxi  the  solution  was  extracted  with  ether.  A  total 
of  18.6  g  solid  product  was  obtained:  Ais  was  repeatedly 
ret  rystallized  from  a  mlx^iie  of  benzene  and  ligrouie  (4'‘;60*) 
and  then  from  pcuoleum  ether  to  form  crystals  in  the  form  of 
small  needles  with  m.p.  74-T6*, 

0.1038  g  substarKC;  0.2877  g  CO^;  0.0937  g  HjO. 

0.188G  g  subsurKe  17.95  g  benzene:  At  0.230*. 

0.0657  g  substance:  15. 4  ml  CH4(14*,  773  mm). 

Found  ‘5e.  C  75.61;  H  10.10.  M  222.  act.  H-atoms 

2.18.  Calculated  <51:  C  75.65; 

H  9.98.  M  234,  act.  H-atoms  2.00. 

From  the  residue  after  rccrystallizaticn  could  be 
separated  crystals,  melung  at  100-104*  (gradually),  in 
very  small  quantity,  the.se  gave  a  melting  point  depression 
with  the  first  isomer. 

Preparation  of  2. 9  dimethYl-3.S-dli5opfop>'M.6* 
decadlvnc-S  8-diol.  From  18  g  diisopropyleihinyl  carbinol 
(lechriical),  by  tlie  preceding  method,  was  prepared  6.4  g 
of  a  solid  product  which  after  r^ecrystaliization  from  dilute 
alcoliol  came  down  in  tlie  form  of  lustrous  scales  with  m.p, 
118-119*. 


K 


Fig.  2.  Dimeihyldecadiynediol. 


Fig.  3. 


The  literature  gives  m.p.  115*  [91 


1)  Di-p tolyloctadiynedlol;  2)  symnTT 
dimethyldl-p-tolylbutyr,ediol. 


TABLE  2 


Ptep“ 

antion 

No. 

Name  of  compound  and  formula 

Physical 

constants 

1 

Quantity 

Of  compounds 
taken  (in  g) 

Of  ozone 
absorbed 
(in  8) 

theox. 

1 

Te  cameth  y  lb  utyned  lol 

M.P.  94-95*  i 

i 

4,0 

3.36 

(CH,),COH-C =C-COH(CH^ 

i 

! 

X.oO 

2 

Te  raethylbutyned  iol 

M.P.  80-81*  \ 

! 

1.02 

(C,Hj)fcCOH-C.=^C-COH(C|lVi 

0.97 

3 

DinreUiyldlethylbutynedlol 

Mp.  52-^53* 

4.0 

0.88 

C*l^(CH,)COH-C  i=C-COH(CH|)C,H* 

1.13 

4 

Diethylediinyl  carblnol 

B.p.  136-138* 

4.9 

2.00 

(C,Ht)|COH-C=CH 

1.71 

5 

Methyl-p-toiylethfciyl  carblnol 

Mp.  34  35* 

4.0 

1.28 

!  pC-H^CHj)COH-Ci  CH 

1.20 

6 

Teta  p-tolyibu  tyred  lol 

Mp  154-155* 

4.0 

0.46 

(P-CtHtHCOH-C  ^-C-COHfCrHr  P)| 

0.43 

6a 

Ditto 

Mp.  164-155* 

4.0 

3.^1 

1  0.43 

7 

3.8*DlmethyM.6-decadlyne-3,8-dioi 

Mp.  89-90* 

2.0 

I  0^ 

QH*(CH.jCOh“C-C-C  .  C-COH(CHj)C^Hj 

j  0.98 

8 

4. 9'Dimcthyi--5*7-<iodec8diyne-4,  Sr-diol 

M.p.  '74-75* 

2.0 

0.83 

n  CjH^CHOCCH-C  =C-CrC-COH(CHj)C,Hrn 

i 

i- 

0.87 

1 

The  lemalninj:  diacctylenlc  glycols  were  synthesized  in  the  same  manner. 

Ozo^lzation  • .  A  weighed  ^unount  of  the  compound  to  be  ozonized  was  dh»solved  m  40  ml  chloroform 
and  plated  in  a  reaction  vessel  externally  cooled  with  a  mixture  of  ice  a!*d  salt.  An  exception  was  represented 
by  ter'amethylb’jtyrrdiol  which  we  ozon«i,ed  Ln  solution  in  ethyl  acetate  because  ii  was  insoluble  in  chloroform. 
Thmogh  the  ’eactic..  veisc’  was  passed  dry  oxonized  oxygen  conuming  4  -G^.  ozore.  The  AiP.Otir.t  of  ozone 
enie'lr.g  and  leaving  the  reaction  vessel  during  each  15  minute  period  was  dtiennlned  by  L'tratloc.  with  thio¬ 
sulfate,  while  the  amou'^iof  ozone  absorbed  was  determined  by  difference.  In  the  majo’ity  of  expejimenrs. 
ozonizJtion  was  concluded  afte’ the  theoretical  amount  of  ozone  had  been  absorbed  altho.,;gh  in  ma?v 
expe'urents  tlie  abso’prion  of  ozorie  coriU'’i)ed  with  nearly  the  same  velocity,  as  can  be  seer  from  the 
;«s>ilis  enume»ated  In  Table  3.  The  rate  of  ozonizaticn  is  expressed  m  Table  3  n  ml  thiosulfate  (T«^  SiO»~ 

=  0.0C221  g.'ml). 

The  ptepi’ed  ozonides  wc’c  worked  up  in  the  following  maa'^Cf  the  solvent  was  ftjre  ed  at  the  pjrrp  at 
room  tempe-ature  the  ozonide  was  decomposed  with  water  with  heatmg  until  the  oily  d  ops  h*d  d'iappea'ed. 
and  potassium  carbonate  was  added  to  the  solution  until  the  reaction  was  alkaline.  The  voUfJe  neutral 
p-odjcts  were  disrtlled  l^'to  ar  acetic  acid  solution  of  p-riltropitenylhydrazine,  and  ti^e  norvolatlles  were 
extracted  wiui  ctiier  Fo*  the  purpose  of  extraction  of  the  hyd'oxy  acidS;  the  acidified  (with  sulfjT^lc  icid) 
sol-.tlon  was  ext'ac»ed  wltn  e»be*  in  a  separating  funnel,  for  exuaction  of  the  oxalic  aetd,  the  solutiD’’  was 
♦^ated  for  CO  fcO  hoa's  in  a  Soxhlct  The  oxalic  acid  was  determined  as  the  calcium  s»lt.  The  yield  of 
oxalic  ac  id  (in  was  calculated  iri  relation  to  the  amount  of  prepared  ozoiiide.  t  expei’-mer.ts  1  ard  6a 
(Table  2)  m,xh  mo*e  titan  the  theo'erically  calculated  amount  of  ozone  was  passed  t'iro.g.h,  Wner.  the 
{hcjretical  amount  of  ozone  was  passed  through,  much  of  the  starting  material  was  lecove  ed  uncharged. 


Ozonzanon  was  earned  out  by  the  method  of  A.  L  YakjbchUc  (lO]. 


TAbleS 


nrnducts  of  ozonolvtli 

Of  ozonide 

Neutral 

Hydroxy  acids  I 

Oxalic  acid 

obtained 

(Ing) 

Yield  (in  g)  | 

M.P. 

(8) 

cw 

fin  ft) 

1 

exper. 

i 

theor. 

i 

1 

L2 

Acetone  (traces) 

(CH,),COH-COOH  i 

79^0* 

None 

None 

5.3 

(4.1)  i 

Diethyl  ketone  (traces) 

(C,Hg)|COH-COOH  i 

77-78  i 

0.002 

0.11 

6.0 

(3.6)  1 

None 

C,H5(CH,)  coh-cooh  1 

65-66  ' 

0.011 

0.52 

5.1 

(2.3)  I 

i 

i 

j 

dJ 

Diethyl  ketone  (traces) 

(C,H,},COH-COOH  I 

77-78  i 

!  0.055 

2.16 

7.0 

(2.4) 

1 

j 

klethyl-p-tolyl  ketone 

p-CH,C,lV:OOH 

173 

1  0.042 

2.00 

5.2 

(1.77) 

(1.8) 

1  i 

1 

1 

Tctra-p-4olyIbutylned  iol 

(POyH^COH-COOH  i 

131-132 

! 

None 

(2.50) 

(1.3)  ! 

! 

4.5 

Resin 

pCH,CeH4COOH  .  ! 

I  176-177 

1  0.092 

11.35 

4.4 

(1.8) 

1 

2  7 

Ktethylethyl  ketone 

CjHsCCK^COH-COOH 

65-66 

0.300 

30.0 

?.o 

(0.10) 

(1.7) 

2.5 

Methyl  n -propyl  ketone 

n-C,HxCH,)COH-COOH 

50-51 

0.250 

30.6 

2.9 

(0.1) 

(1.8) 

TABLE  3 


Li  experiment  1.  the  ozoiie 
apparently  reacted  with  the  solvent, 
while  In  jxperimenu  6  and  6a -it 
reacted  with  the  aromatic  nucleus 
of  the  substituents  entering  into 
the  composition  of  the  acetylenic 
compounds.  In  experiment  6  the 
czonide  was  decomjx-sed  without 
distillation  of  the  solvent  because 
the  ozonide  was  otherwise  obtained 
in  the  form  of  a  polymer  which 
was  not  decomposed  either  by 
water  or  by  an  aqueous  solution 
of  potassium  iodide. 

After  disullation  of  the 
etlier,  the  hydroxy  acids  were 
recrystallized  from  benzene.  In 
experiment  6a,  p-toluic  acid 
separated  instead  of  di-p-tolyl- 
glycolic  acid. 

Spectroscopic  analysis 
of  the  compx>unds  was  carried 

out  in  ethyl  alcotol  solution’  an  0.5^  solution  was  taken  with  the  SP-22  spiectiograph,  a  solution  of  0.03-0.01 
moles  per  liter  was  uken  with  the  SF-11. 


Prep 

ara- 

tron 

^n>e  of  comjxsuTid 

Amount  of  ozone 

absorbed  each 
•  2  min.^in  ml 
thiosulfate) 

/ 

6.7;  6.6,  6.8: 

1 

Teuamethylbutynedlol . 

■ 

r 

6.4;  6.0.  6.1. 

6.1;  1.2,  O.a 

7.0;  6.9,  6.9. 

2 

3,8-DinEthyl  4,6-decadi>T.e-3,8-diol  ^ 

' 

6.9,  6.4-  6.0: 

5.5;  4.4-  3.0: 

2.4.  1.8. 

3 

Tet’a  p  tolvlbutynediol . /. 

, 

106;  7.3:  7.1; 

6.7;  6.6. 

8.0;  7.9;  7.7; 

7.6:  7.1:  6.9; 

4 

Methyl-  p-tolylethinyl  carbinol  .  •  •  ( 

\ 

6.4;  6.3:  6.2; 

5.6.  5.1;  5.0; 

4.6. 
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SUMMARY 

1. The  »tructure  of  tcetylenlc  r  glycoUof  the  aliphatic  *rle»  can  be  determined  by  quantlutlvfl  ozotilzailon 
followed  by  quantliatlve  ar^aly&ls  of  the  producU  of  ozonolysU.  The  rate  of  ozonization  of  theie  glycoli  Is 
constant  up  to  absorption  of  the  theoretical  amount  of  ozone,  after  which  It  falls  fairly  sharply. 

2.  The  rate  of  ozonization  of  aliphatic -aromatic  acetylenic  alcohols  arid  y-glycols  falls  slowly  throughout 
the  whole  process  of  ozonization:  no  inflection  whatever  is  observed  in  the  curve  after  addition  of  one  molecule 
of  ozone.  A  fairly  large  amount  of  oxalic  acid  (2"10^)  is  found  among  the  products  of  ozonolyils,  so  that  this 
method  is  little  suited  to  die  determination  of  the  structure  of  these  compouiula. 


3.  The  structure  of  dlacetylenlc  glycols  of  the  type  of 

wbe’c  Rand  a^e  aliphatic  substituents  may  be  determif^d  by  quantitative  ozonization.  The  rate  of  ozonization 
of  rh-ese  glycols  Is  consunt  up  to  absorption  of  one  molecule  of  ozone,  after  which  it  gradually  begim  to  drop. 

4.  Diacetylenic  glycols  with  tlic  above  structure  possess  two  characteristic  maxima  in  the  nlfavlolet  at 
2140  A  and  2560  A.  The  position  of  the  maxima  does  w>t  change  appreciably  when  Rand  Rj  aie  aromatic  radicals, 
bwt  other  maxima  appear  which  conesponci  the  aryl  substitiients.  The  ultraviolet  method  is  applicable  to  the 
inilysis  of  diacetyler_lc  glycols  conuira^g  a  conjugated  system  of  triple  bonds. 

5  The  diacetylenic  glycol  4,9-dimcthyl-5.7dodecadiyne-4;9<liD]  has  been  synthesized  for  tl*e  first  time, 
srd  :t  has  bceii  shown  that  tiic  mixima  of  the  absorption  spectra  of  this  compourd  In  the  ultraviolet  are  in  the 
tegion  of  2400  and  2600  A. 


-C=C 
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THE  PROBLEM  OF  THE  FORMATION  OF  ORG  A  NOMETA  LLIC  COMPOUNDS 
BY  REACTION  OF  AROMATIC  SILANES  WITH  METALLIC  CHLORIDES 


L  FORMATION  OF  ORGA NOALUMINUM  COMPOUNDS  BY 
REACTION  OF  PlIENYLCHLOROSILANLS  WITH  AIQ, 

A.  Ya.  Yakubovich  and  G,  V.  Motsaxev 


The  reaction  of  aromatic  silanes  with  AlClj  has  been  studied  with  reference  to  compounds  such  as  diphenyl* 
dichlcrosUane  [11  letraphenylsilane  [2]  and  tiiethylpheaylsilane  [31  In  these  cases  AlCl^  proved  to  be  an  extremely 
active  ieaiylating  agent  wiiich  brought  about  cleavage  of  the  organosilicon  molecules  at  the  Si—C  bord.  It  was 
esrablished  that  this  cleavage  is  effected  with  great  ease  even  Ln  oidinary  conditions  and  is  accompanied  by  formation 
of  a.mmatic  oiganoalumir.um  compomds.  This  was  proved  by  transformation  of  the  latter  into  benzene  by  the  action 
of  water. 

These  data  actually  comprise  all  that  is  known  about  the  action  of  AlClj  on  aromatic  organosilicon  compounds. 
There  are  fio  data  at  all  for  the  Lnfluerxe  of  the  raiic  cf  components  (silane  and  AlClj)  or  for  the  effect  of  substitu* 
ents  in  the  aromatic  nucleus  on  the  course  and  on  the  resilts  of  reaction  between  aromatic  silanes  and  A1C1|.  More¬ 
over,  the  formation  of  benzene  by  trcatmert  of  the  pmducts  with  wa»®r  constitutes  the  sole  evidence  that  organo- 
arumL''.am  compoerds  formed  and  cannot  be  regarded  as  conclusive  evidence. 

Fo:  these  reasor.s  we  undertook  an  investigation  of  these  rea  'ions,  ^tnrtLng  from  phenyltiichlorosilane,  diphenyl- 
iichlorosUaue  arjd  tnei:  derivatives. 

We  first  studied  the  unsuhstituted  phenyltiichlorosilane.  Ir  was  found  that  this  compound,  just  like  the  other 
silanes,  reacts  with  freshly  subi’med  AlClj  with  cleavage  at  the  Sr— C  bond  even  at  a  temperatuic  of  30-35*.  The 
produc*  of  this  reaction,  apart  from  SiCl^  (isolcktcd  in  a  yield  of  bOPh  of  the  theoretical),  is  actually  phenylaluminum 
dichioride,  as  could  be  infer-ed  not  only  from  the  formation  of  benzene  by  treatment  with  water  (after  distilling  off 
the  SiClJ  bit  also  from  the  case  of  substitiiion  of  the  AlClj  residue  by  the  CH,CO  or  PCij-  group  when  reacted  with 
CHjCOCl  or  PClj 


CjlljSiCl,  ♦  AiCI, 

- ►  C  ,HjAlClj  ♦  SiCl^; 

(1) 

C<l.HjA1C1j  ♦  31^0  - 

- -  C.H,  ♦  Al(OH),  ♦  2HC1. 

(2) 

C^HjAlClj  +  CH,CCX:i  - 

- ►  CjHjCOCHj  ♦  AlCl,: 

(3) 

CfiijAlClj  1-  PClj 

- ^  CeH^PClj  ♦  AlCl^ 

(4) 

Yields  cf  berzene.  atetopl>enurie  and  CjHj  PCI,  in  reactions  (2),  (3)  and  (4>  were  respectively  55.5,  75.0  and  83.4‘5k. 

Diphenyldichlorosilane  alsc  reacts  with  AlCl,  at  the  ordinary  temperature,  but  the  reaction  course  depends  on 
the  molar  ra-iion  of  components.  Thus  with  a  molar  ration  ot  diphenyldichlotosilane  to  AlClj  of  1;1  at  30-35*,  the  re¬ 
action  products  (after  decomposition  of  ilie  reaction  mass  with  water)  were  benzene  (isolated  in  amount  corretporuling 
to  a  yield  of  38^  of  the  iheoieticai)  a.nd  a  resli  (formed  by  hydrolysis  of  the  phcnylirichJorosllane  formed  on  cleavage) 
in  yield  of  66*^  of  the  theo'etital. 

(C.K;,SiCli  ♦  .vICl,  - ►  CjHjSiCl,  +  C,H, AlClj 

I  L3H,0 

(C^HjSiOj  jlP  - - »-  CjH,  ♦  Al(OH),  ♦  2HC1. 


with  A  molfT  ratio  of  reactants  of  1:2  at  30*.  there  arc  formed  sUicon  »cachloride  (yteld  60^)  ai^  l^^ne 
(yield  CI.2I1).  the  iaitet  due  to  decomposUlon  by  water  of  the  residue  after  distilling  off  the  sUlcon  tetrachloride. 


(c,H,)iSia,  ♦  2Aia* 


»■  SiCVi  ♦  2C,HjAia| 

4  3  l%0 

- ►  C,H,  4  Al(OH),  4  2Ha. 


(6) 


Derivatives  of  phenylchlorosUanes  ccmtalnlng  nuclear  substituenu  tfut  were  selected  for  this  Investigation  were 
p^hlo’o  and  p^omophenylcichloiosUanes.  as  well  as  (|y<hlomphenyl)  pbenyldlchlorosilane.  all  prepared  with  die 
help  of  the  Grlgnard  synthesis 

Halogen-substituted  phenylchlorosUanes  behave  with  AlCl^  like  unsubsututed  prxnyl  derivatives  of  slUne. 

“These  cleavage  “eaciions  undoubtedly  lead  to  formation  of  organoaL-mlnum  compounds  co.  raining  halogen 
atoms  in  the  phenyl  rmg: 

Cjii4XSias  4  Alcij  — ►  c^^ia,  4  (7) 

where  Z=  Q.  Br.  etc. 

T^ls  follows  both  from  the  formation  of  the  corresponding  halobenzenes  by  the  action  of  water  on  the  cleavage 
P'od’jcts  aTd  from  thei'  reactions  with  acetyl  chloride  and  phosphorus  trichloride  which  were  studied  for  pchloro-and 
pfcromo  pr’cnylcichle.’osUancs: 


pCfli4Cl(3:)SiCl,  4  Aia, - ►  pC«H^Cl(Br)AlCl,  ♦  Sia^:  (8) 

P<:4H^I(B-)A1C1|  4  CHjCOa - ►-  p-CeH^l(Bi)COCH,  4  AlCl,:  (9) 

p-C,H<Cl(Br)AlCl,  4  PCI,  - ►  p<tHiCl(a-)Pa|  4  AlClj  (10) 


IT.e  yields  of  pC.H/nCOCH,.  pC.H^ClPCl,  and  pC.,H^P’PCl,  ir.  reactions  (8),  (9)  and  (10)  were  respectively 
S3.  T*:  4  a-jj  72.6^. 

CpCUc:opher-yl;  phenyldichlo-osilane  reacts  wiin  AlCl.  in  a  sinrila*  ma~‘e’  to  diphcnyldichloroslla^:  in  this 
case  we  may  have  eithe-  complete  or  partial  clecvage  of  tiie  .molecule,  depending  on  molar  'atics  of  reactants. 

Oi  mixing  (p-CJ-I^Cl)  C.rijSiCl,  with  AiClj  in  1:1  molar  ratio,  cleavage  t*»-es  place  i.-  tne  first  irsiance  of  that 
'adicsl  which  conums  the  $'jb«tiiuent  as  indicated  by  the  isolarion  from  the  ’eactio'  p-v>c..cts  (after  decomposition  of 
tr?  -eactlon  mass  with  water)  of  chlorcbenzene  and  iciin  (ih»e  latter  formed  by  hydrclys's  o*  the  C,H*SiCIj  resulting 
T*om  the  cieavage). 


AlCl. 


C^HjSiClj  4  pC,H/:iAjCii 


(11) 


4  3H,0 


(C.-H^SiOj  j)p C.HtCl  ♦  Al(On;,  »2rsa 


Co'seq-.ently  t.'«  uniro  “>01:00  of  halogen  atoms  into  the  aromitlc  irlejsof  a  cfilo'osUa'e  iJ’tensjfies  the  reacti 
vity  of  the  Si— C  bend  toward  AlCU 

It  s.ho.ld  be  noted  that  tfrc  above  described  'eadily  proceeding  react'ons  with  .‘.ICI^of  pherylchlorosUanes  ind 
their  derivatives  cor.aming  a  Sfjbstuue'it  ir  the  ammatic  nucleus  show  that  tne  -ep'acen-ert  of  SiX.^g’Ojps  by  AlCl» 
tes.d.es  may  evidently  be  jtUlzed  as  a  method  of  synthesis  of  o’ga''oalumir.um  corrro_“ds  of  the  aromatic  se*ies 
cO''t«:“L’"g  va*iOjs  s>ibstit.,ents  in  the  nucleus  The  field  of  investigation  is  a-  !“‘ie“esrrng  O’^e  when  we  ccnslder  that 
the  pDssibilities  of  p'cjwauo'’  of  this  type  of  o»ga'’o$ilico.-:  compound  ate  rathe'  wide  i-d  that  the  transform  at  ions  of 
tne  o'ganoaluminum  co.nrpou'-ds  aie  very  diverse  a’^d  proceed  easily. 

E  X  F  E  R :  M  E  T  A  L 

Reaction  of  Phe y  1  tr  i  c  hi  oro  si  1  a  ne  with  AlClt 

a)  Preparaiion  of  benzene.  To  5.0  g  (0.023  mole)  phe.'tylttichlorosrlane  is  added  3  1  g  (0.023  mole)  freshly 


806 


AiJilIir.td  Aluml^uxi  chloTli^e  Addiiion  of  trie  Utter  Is  accompanied  by  slight  heating  of  the  mixture  which  acQulres  a 
red  color.  The  mixture  Is  left  for  48  ho'j^rs  at  25-35*.  The  liquid  mass  Is  carefully  distilled  in  vacuum  from  the  reaction 
flask  on  a  water  bath  through  a  co'?dcnser  In  the  receiver,  cooled  with  acetone-carbon  dioxide  mixture  ("60^,  was 
collected  a  liquid  with  b  p.  55  bV  and  a  p-jogem  odor  The  b.p.  and  density  (dj*  1.4840)  were  identical  with  thoK  of 
silicon  tetrachloride.  "Yield  2.0  g  o;  6(Sl»  of  the  theoreticaL 

The  brown,  «misoIid  residue  in  the  reaction  flask  was  carefully  (at  50^  decomposed  with  water  and  distilled  with 
steam.  The  layer  of  liquid  on  the  surface  of  the  aqueous  dlsrillate  was  extracted  with  etlier  and  dried  over  calcium  chlor¬ 
ide  After  removing  the  ether  the  resulue  was  distiUed  on  the  water  bath  to  give  a  liquid  with  b.p.  7&-81*.  Identical  in 
respect  to  b.p.  ar:d  density  (d;®  0  879)  with  benzene.  Yield  1.0  g  or  55.5^  of  the  iheoreUcal.  For  further  Identification 
the  be.nzene  was  converted  with  nitration  mixture  into  a  c»ysialline  subsunce  which  melted  at  89.5*  after  recrysulllza- 
tlon  from  alcohol  and  drylr  g.  The  m.p  is  that  of  m  dinitrobenzene.  Yield  815^  of  the  theoretical,  calculated  on  the 
benzene. 

b)  P:epa!ation  of  acetopher.one.  To  5.0  g  (0.023  mole)  phenyltrichlorosllane  was  added  3.1  g  (0.023  mole) 
freshly  sublimed  aluminum  chloride.  To  the  residue  remaining  after  distillation  of  the  silicon  leoachloride  (sec  preceding 
experiment)  was  added  2.0  g  acetyl  chloride  In  the  cold.  The  mixture  was  thereupon  heated  for  |  hour  at  50-80*, 

after  which  it  was  carefully  treated  with  teed  water  while  cooling  (~30*).  The  separated  oil  was  extracted  with  ether 
a.nd  the  ethereal  solution  was  washed  with  water  and  dried  over  calci-aro  chloride.  The  ether  was  distilled  off  and  the 
oily  residue  partly  fysuHized  O"  sta"di''g.  The  crystals  were  separated  by  fieezing  the  oil  at  0*.  M.p.  20.2*  (from 
alcohol)  A  mixed  lest  of  thf*se  crystals  with  syrtheiic  acetophenone  did  not  give  a  melting  point  depression.  ”1116  pre- 
pa'ed  acetopnerone  was  also  idertified  th.t)jgh  the  semtcaibazoric  whose  m  p.  of  198-199*  agreed  with  that  of  aceto- 
pherorc  semicabazone  (198  200*). 

Yield  of  acetophenone  2  1  g  or  75^  cf  »he  theoret.cal  calculated  on  phenyluichlorosilane.  Yield  of  semlcarbzcne 
BV’k  of  the  theoretical,  calculated  on  the  acetophenone. 

c)  Preparation  of  phe~yldichlorophosphine.  20.0  g  (0.094  mole)  phenyltrichiorosilane  and  13.9  g  (0.104  mole)  an¬ 
hydrous,  freshly  sublimed  alLmin..m  chlo’ide  were  put  into  a  round-boitcmed  fiask  connected  to  a  reflux  condenser  and  a 
receiver  cooled  with  acetone  ca’bon  dioxide  m.ixture  (—40*)  and  fitted  with  a  calcium  chloride  tube.  When  the  react¬ 
ants  were  stir'ed.  the  mass  frrr.ed  red  Tre  reactio.n  was  speeded  up  by  heating  for  10  hours  at  70-80*  with  simultaneous 
re.moval  of  the  silicon  lei’achJo'ide  fo-ined  (Phe  whole  system  was  con.necied  to  a  vacuum).  In  the  receiver  was  collect¬ 
ed  13  9  g  SiCl,_o*  ST'^of  the  theo'etical. 

To  the  b^'own  semisolid  fesidje  rerrai"i'’g  after  -erroval  of  the  SIC14  was  added  stepwise  13.0  g  (0.094  mole)  phos- 
p'no'o-js  trichloride  After  the  addition  the  mixU’e  became  liquid.  It  was  heated  for  an  hour  at  80-90*,  and  then  addition 
was  made  (g’aduaily)  of  17  2  g  (0.112  mole)  phosphorous  oxychloride  (as  a  cornplexing  agent  for  removal  of  AiClj), 
which  led  to  formation  of  a  g'anula.'  p  eclpliate. 

Tl.e  p'cclpiia'e  was  t-eated  with  several  po'tionsof  pevoleum  ether,  the  extracts  were  combined,  the  petroleum 
etiiei  distilled  off  ard  the  residue  distnied  in  vacu..m  to  give  12.8  g  (70^ of  the  il,eo:ciical)  pher.yldichioiosilane  in 
tl.e  form  of  a  highly  ef- active  lig^’t  yellow  liqu’.d  w’th  b  p.  140  141*  at  57  mm.  fuming  in  the  air  and  possessing  a 
sharp  u'pleasa-.t  odor 

Re  action  of  Dip  h  e  y.  y  ]  dichlorosila  re  with  A 1  C 1  % 

^  P-ejja-atio-  of  be^zj^-e  irl.P^^e'^jrichlorosiljr.e  A  mixture  (p-epaied  with  cooling)  of  7  0  g  (0  027  mole)  di- 
pncf’y IdicHo'osilare  a'd  4  1  g  (0  03  mole)  f'eshly  s’  bliined  alurri'.um  chJo'ide  was  stood  for  4  hours  at  30  -35  ,  The  mass 
acqvired  a  da'k  -ed  colo-  Tne  cooled  (ro-30*)  mass  was  ftated  with  water  ^acidified  with  sulfuric  acid)  and  distilled 
with  steam  Tite  berze-e  laye-  on  the  s.’facc  of  the  aqueous  aisiiJUie  wasextiacted  with  ether  and  dried  over  calcium 
ci.loride  A^te*  dlsvllmg  off  the  ethc'  »ne  'es’d  :e  (bc’^zere)  was  distilled  on  the  water  bath  to  give  0.8  g  liquid  with  b.p. 
78  80*  and  d^®  0  880  'teld  of  be'ze'e  38  of  tlie  theo'etical  calculated  on  the  diphenyldichlorosilane. 

TT.e  les’due  Ln  the  dtstiliatlon  flask  (2  2  g).  afte*  steam  distillation  consisted  of  a  lighi  yellow.  transpa-ert  resin 
whose  analyst  fo'  sUrco-  co'-esponded  to  that  of  the  .’•esm.  prepared  fmm  phenyltrichiorosilane.  S'licon  found.  21.3^: 
’equred  21  7^ 

The  yield  of  phenyltrichlo’osUa'e  based  on  the  amount  of  seivarated  ’csin,  was  C5^  of  the  Jico'^etical  calculated 
O'’  the  amount  of  dipre'‘yldLch!o'Ostla  ie  taken  foi  the  reaction. 

b)  Prpa’atlon  of  be'ze'c  a’-d  SiCl*  To  8.0  g  (0.032  mole)  diphenyldii  nlorosUa.ne  was  added  (with  cooling)  8.5  g 
(S. OG4  mole)  altminum  c'<ilotide  The  mixture  was  stood  foi  72  hours  at  30  35*.  The  reaction  mass  had  a  dark".'ed  color. 
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The  liquid  mass  was  carefully  distilled  in  vacuum  on  a  waiei  bath.  In  the  tecelver.  c  densliv  fd»*  1  484« 

irlxt..’e  (-60-)  collected  a  liquid  with  b.p.  56  57'  and  a  pur«ent  odoi,  reiembUng  In  buJmg  pt.  and  densUy  (d4  1.4841) 

sUlf  on  teuachlo’lde  irieid  3.3  g  o:  60lfc  of  the  theotetlcaL 


Tl*e  seirlsolid  b:own  residue  aftei  distUUtlon  of  the  SICI4  was  decomposed  with  cold  water.  Appro^Ute  «a^eni 
(see  above)  gave  a  liquid  with  a  b.p.  79  80'  whose  density  (dj*  0.876)  alo  identified  It  as  berzene.  Yield  3  g  or  61.2> 
of  the  theaetlcal. 


Reaction  of  p -Chloropheny Ittlchloiostlane*  with  AlClt, 

a^  P^paratjon  of  chlorobenzere  To  5,0  g  (0.02  mole)  pxhloropher.yltilf  hlorosUanc  was  *4ded  2.67  g  (0.02  mole) 
aluminum  chloride.  The  mixtuie  tarred  red  when  stircd.  it  wis  left  for  46  hours  at  room  temperature  atd  then  care¬ 
fully  decomposed  with  water  while  cooling  (— 50“).  Worklrg  up  ss  before  (see  preredL^g  cxpeilments)  gave  a  liquid 
with  b.p.  13(1132*.  The  b  p.  and  density  (d^*  1.1071)  agreed  with  those  of  chlo'obe’zere.  Yield  1.3  g  or  56.5^of  the 
theoretical.  For  fuither  Identificatioa  the  prepared  chlocobeoxene  was  converted  with  luirattog  mixture  into  a  ciystalllu 
substance  with  m.p.  82.6*  after  reciy'StalUzation  from  alcohol  and  drying.  This  is  the  ro.p,  of  p-cl.loroiUtrobenzene. 

Yield  75^  of  the  theoretical,  calculated  00  the  chlorobenzene. 

b)  fteparatlon  of  p-chloroacetophenone.  To  2.8  g  (0.011  mole),  p-chlorophenylttichlorosilaoe  was  added  1.5  g 
(0.011  mole)  '  aluminum  chloride.  Tlie  mixture  stood  for  24  hoars  at  room  tempeiatuic,  after  which  0.9  g  acetyl  chloride 
was  added  in  the  cold.  A.fter  the  irixtice  had  been  heated  at  70 "80*  for  20  minutes,  it  va*  carefully  decomposed  (cooling 
at  -^30*)  with  iced  water.  The  lesaham  oil  partly  crysallized  on  sranding.  Afre’  suitable  hear  meet  (sec  above  details  fa 
acetophenone)  crystals  were  obtained  which,  after  recrystzliization  fiom  alcohol  had  m.p.  19,6*(pchloroacetophenone  melts 
at  20*).  Found  chlorine  22.7^j:  required  22.0^.  Yield  0.9  g  a  63"/fl  of  the  tf^ecxeticaL  The  frepared  pchloroacetophcnone 
was  identified  as  the  ovjn>e  whose  m.p.  of  90*  conespcrided  to  tnat  of  pcnloroacetopnenone  oxime  (95").  Yield  of  oxrme 
GOje  of  tiie  theoretical. 

c)  P*^epa:atioq  ofp  chlorophenyldichlofophosnlgne.lO.O  g  (0.04  mole)  pchlorcphenyltilchlorosUane  was  stirred  with 

6.0  g  (0  045  mole)  f-eshly  sublimed  aluminum  chloride  and  5.7  g  (0.041  mole)  phosp^<o:i_>  trichloride.  The  mixture  was 
heated  fo*  2  or  a  wite-  bath  at  80*  after  which  the  S:C1^  was  dL<taicd  off  (6.3  g  o*  90.7^  cf  the  theo-etlcal),  and 
to  the  ’csrdue  was  g*adt.«l'y  added  7.0  g  (0.045  mole)  p^fhspho:^  oxychloride.  Isolatior).  pC..H^CiPClj  was  effected  on 
the  same  as  fo:  C  (see  above)  Tbe’c  wasob»ai',ed  6  G  g  pchloroprc-yid’chlorop^  osphLne  I'  the  form  of  a 

colo'less  oily  iiq.rd  w‘n  4*  ..".plessa-*  ode*  b  p.  252  253*.  d*J  1.4203.  Yield  77.4<5b  3*  toe  tfieorctlc ah  calculated  on 
tne  perJo  ODreny''r:ch1o'osilanc. 


Reaction  of  p  ^^orrophenylttic  hlorosi  lanewith  AlCl^ 

P*epa*atio^  p  b‘omophenyidic  hlo-ophosphine.  10  0  g  (0.034  mole)  p  b'omop*er  yltrlchlorosilane  •  ‘was  sti*  ed 
with  5.0  g  (0  037  mole)  4i_tr;ini.m  chlo-ide  a'd  4.7  g  (0  034  mole)  pnospi  oius  trirhlo  'de  The  mixti.e  was  heated  fo- 
2  hoj-s  O’"  4  ware*  bith  a*  60*  follow I'-.g  whi'h  »he  SiCl^  wjv  dlstilk-O  off  (5  2  g  o*  89  6*^  o^  ‘he  etical)  a-d  to  the 
*es;d.e  was  g  ad^ally  aqqed  5  9  g  (0  038  rroie)  priospho-us  o»yc.’’lo  ’de.  Tne  K\  wis  iici-.'eo  bv  tf^e  same  p-o 

cediie  AS  befo.e  (see  p  eceding  expf:’!me'‘r)  Thcie  was  ob*ai*'e<J  0.4  g  p biomopriervldi;  ’■Jo'cp'Dsprl'rs  i'  the  *o:m 
of  a  colo’less  st  ongjy -ef  icuve  vise o. s  liq., id  with  b  p.  270  1  6661.  Yield  72  0^  of  *ic ‘fteo  etic  4l  cak  uUted  o.-’ 

P  b'omophe'.ylYichio  osdine  ’ajte*  ir  the  -caction. 

nea^Moji_of  (p  rhlo*op  e^vl)  phenvlou  nin*o>i  1  4  n  e  w  1 1  h  A 1  <1  I . . 

A  m:xtij*€  of  5  0  g  (0  017  mole)  (PchJo*ODt;e'  yl)  poe*  vldic  r.io*osil»rje  •  *  •  »r«j  2  5  g  (0.019  ipcle)  f'estjy  v.bluned 
AlCl.  ws;  stood  fo*  5  ho.j*s  at  3^-35  foUowi'-g  which  r  was  treated  j-’de*  cooing  (“30')  with  wt*e  ictdifed  wiin  s.-l 
f'x  .c  aerd  a  id  distrllea  with  steam  Wo’ki'g  *. p  as  t*  t.he  p  et  "Of  g  e*pe*iire''*.s  give  t  Irq.rd  w:*h  b.p  13l  132'’ 
ide  jcal  i*".  D  p  a  0  <Je*$:tv  (d^*  1  1074)  with  chlo»obe  zee  Yield  1  0  g  o*  60'^  of  '.he  t:«ec  e!x*l. 

Tne  *esdue  1  the  flask  (1.3  g)  was  ste<rr  distilled  *0  g*ve  a  vellow  *esir  whose  aniiys’s  fo  I'l’fO''  co:  espo'ded 
to  that  of  the  *esi-  p  cps  cci  from  r^«n>l*rjchlo:os'la'-e.  SUiron  fov  d.  21.2^  21  7«^ 

The  yxld  of  p.^e  ylt  ‘c hlo’Osil»re  as  resm  was  57^  of  the  theoretic  *1  calc.l^tsd  o.*  *..ne  (p<h!o'opr£“yl)  ptenyl 
die  hlo’osrla'e  uaen  in  the  eactio'' 

^'■epa  ed  by  ecct'O'*  of  pc*'!o  op'-e'yl  mag^'esium  b'cmide  w)»p  SC*.^ 

‘*'epi-ed  by  reAfting  p  b*on-opre''yl  magr.esiom  b’omide  wi»h  SiCl^ 

•••P-epi-ed  f  om  pcrio-opheriyl  mag  -esium  b'omide  a*d  pheryltrichlo'OsUatve. 
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SUMMARY  . 

1.  A  study  w&s  made  of  the  reaction  of  A1C1|  with  phenyitrlchlorosUane.  dlphenyldlchlorosUane  and  their 
derivatives:  jxhloiO'  and  phromophenyltilchlorosllanes  and  (p-chlorophenyl)-phenyldlchlorosllane.  The  effects  of 
ratios  of  reactants  (chlorosUane  and  A1C1|)  and  of  the  presetice  of  substituents  In  the  aromatic  nucleus  on  the  course 
and  resulu  of  these  teactlons  were  Investigated. 

2.  It  was  shown  from  the  transformations  of  the  products  of  reaction  of  arylchlorosUanes  with  AlCly  that  the 
intermediate  ptoducts  in  these  reactions  are  the  conespondlng  organoalumlnum  compounds. 

3.  The  action  of  acetyl  chloride  and  PClj  on  the  Intermediately  formed  organoalumlnum  compounds  gives 
good  yields  of  arylalkyl  kettmes  and  aryldlchlorophosphlnes  containing  substituents  such  as  chlorine  and  bromine 
in  the  luicleus. 

4.  The  posnbility  is  noted  of  using  the  reactions  of  arylchlorosUanes  and  their  derivatives  with  AlQg  for 
syntheses  of  various  organoelement  compounds  on  the  ume  lines  as  the  described  syntheses  of  phosphines. 
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SYNTHESIS  AND  PROPERTIES  OF  SOME-  a-NAPHTHYL' 
AMINO-  AND  a'NAPKTHYLAMINOPHEN YLS1LANE8 


V.  S.  Chuguaov 

In  our  previous  investigatlor>s  [1,2]  were  reported  organomagnesiuni  and  *1111110111  syntheses  of  various  organo- 
sillcon  compounds  containing  a-naphthyl  radicals.  We  thus  prepared  for  tlie  first  time  the  following  types  of  organo- 
sUlcon  compounds:  ArSlR^  Ar|SiI^  and  Ar|SiR.  where  Ar=a*CuH7.  and  R=OC|H(,  n.*C4Hyand  C^H^. 

Those  investlgatloiu  had  established  that  reaction  of  a-naphthyl  magnesium  bromide  with  tetraethoxysilane  only 
res  Jts  in  addition  of  two  a*naphth>l  radicals  to  the  silicon  atom,  due  to  presence  of  corisiderable  sterlc  hindrances  in¬ 
herent  in  the  a  raplithyl  radical.  When  magnesium  is  replaced  by  lithium,  the  addition  only  proceeds  up  to  the  forma¬ 
tion  of  tii-a  naphthylethoxysilane.  For  the  above  reason,  tena-a-n?phdiylsllane  is  not  formed  even  when  silicon  tetra¬ 
chloride  is  boiled  in  ether  with  excess  of  emaphthyllithlum.  In  these  conditions  the  reaction  comes  to  an  end  with 
forrration  of  orJy  ci-a  Tiaphthylchlorosilane  [3],  It  is  interesting  to  note  that  the  a-naphthyl  radical  containing  a  sub- 
stit^ent  in  the  second  benzene  ring,  say  m  the  para-posxtion,  in  similar  syruhesis  conditions  forms  tetra-a-maphthylsllane 
in  very  good  yield  (81^)  [41  It  was  also  established  that  e-naphthyl-n-butysilane  and  di-a-^phthyldi-n-butylsUarte  are 
nbt^ir.ed  in  up  to  oO*?!?  yields  via  the  organolithium  and  -magneilum  compounds,  whereas  tri- o-naphthyl-n-butylsllane  was 
obtained  i"  o^'Jy  22"'9  yield  when  starting  from  tri-  o  naphthylchlorosilanc  and  n-butyllithium  P1 

ConceriTlng  the  syr-thesis  of  a-riaphthyltrlphenylsilane,  it  must  be  iioted  that  we  prepared  It  by  reacting  a-nephthyl- 
triethoxysilane  with  excess  of  phenyl  magnesium  ommidc,  vrbereas  its  conespondmg  hydrocarbon  “  a-naphthyltrlphenyl- 
methane  could  not  be  prepared  by  the  organomrgnesium  synthesis,  as  we  know,  m  these  condiiioru  the  o-caphthyldl- 
phe'ylrnethyl  free  radical  is  formed  [?>  Di-a-r.aphthyldiphenyl- and  iri-a*naphthy!phenylsilanes  were  obtained  in  lows 

y.eiis  (GO  to  with  the  help  of  aganolithium  compounds. 

In  the  present  investigation,  starting  from  the  ccrrespondaig  o  -naphthylflucrosUanes,  the  aim  was  to  prepare 

a-raprithylarnmo-  and  o  faphthylaminopherylsilanes  and  to  clarify  iheir  physicochemical  properties.  The  composition 
and  p-operties  of  the  startLng  ,matetuls  as  well  as  of  the  compounds  now  synthesized  by  us  for  the  first  time  are  set  forth 
1-  the  uble. 


Physicoche.Tiical  P»operties,  Reaction  Components  and  Yields  of  a-Naphthylfluoro-,  amirvo-and  -aminophenylsllanes. 


Name  of  Substance  i 

M  P. 

1 

r" 

,  Reaction  components 
! 

! - r 

Yields  (‘Jt)  i 

U^rature 

refliericcs 

a  ''i«phthytrifluoro<Uane 

I 

!  Liquid 

j  C*jii*Mgbr  S1F4 

[6] 

1 

Di  a-naphthyldifluorosilane  j 

j  "ir-eil’ 

1  C^^HrMgBr  ■»  SiF^  j 

22 

[6] 

T::  a  *"iaphthyIfluorosilane 

22C-22'7 

[  i 

I  CjjHrMgBr  ♦  SiF4 

26  i 

I 

m 

a  “laphtliylaminosilane  ^ 

1  _  1 

C^H^SiF,  ♦  NH, 

1 

Unstable 

Di  a  ■^laphihyidia.minosllane 

1S4-156 

(C„H:),SiF,  >  NH, 

Ouanti- 

utive 

Prepared  by  us 

Tri  a-raphthylamLnosilane 

! 

204-206! 

(Cj,H^,SiF  ♦  NKjNa 

50 

Prepared  by  us 

a  ’^aphthyltriaminophenysilane 

176-179 

i 

Ci,H7S1F,  ♦  CjHjNH, 

Quanti¬ 

tative 

Ptepareu  by  us 

Oi  a  '■  a  phthyldiam  ino phenyl  silane 

184-186: 

(CuH7)SiF,  ♦CjHjNH, 

72 

Prepared  by  us 

Tri -a  ■raphthyla.minophenylsilane 

1 98-200 j 

(Ci,H7),SiF  ♦  C4l^NHNa 

i 

21  i 

Prepared  by  us 

Tire  starting  o-naphthyinuoTosilanes  listed  in  the  table  were  prepared  by  passing  into  an  ethereal  solution  of 
a-"3phthyl  magnesium  bromide  a  stream  of  silicon  fluoride  prepared  from  sodium  fluosilicate  and  concentrated  sulfuric 
acid  In  presence  of  firvily  pulverized  glass  powder,  depending  on  the  molar  ratios  of  silicon  fluoride  to  a-bromo-naphthyl 
rragnesiurp  and  on  ilie  reaction  lempeiaiure,  there  is  foimed  cither  a-naphthyltriiluorosilanc  in  admixture  with  di-a- 
naphthyldifluorosilarw  or  only  trl-a-r>aphthylfluorosllane. 
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It.  o  ^Phihyin.^rom.™.  dependU.;  M  Ok  nunibe.  ot  iterlcdlly  hlndcit^s  « .iapl,lhyl 
tUlcon  «om.  the  itplaceirem  of  fldoilno  by  hydroxyl,  .mlno  o.  »mii»pher.yl  g-oup  f^.r^od.  >l  ywyl^ 

Tht«.  whe«a«  in  a  rwphlhylcini.o.osU»  «  ihe  nuoiu*  U  quickly  hydrolyzed  by  .cidlfled  »»ter  even  In  tlie  eol. .  In 
dl-a-tuphthyldifluoroiUane  the  fluoiir.e  Is  quite  suble  even  In  50*^  Ac*tlc  acid. 

The  fluorine  is  pamcidarly  firmly  combined  in  trl-o-naphthylfluorosUane  in  which  It  is  hydrolyzed  wUh  diffi¬ 
culty  by  hot  20'255kNaOH  solution. 


These  factors  lead  to  o^wphthyinuorosUanes  in  question  reacUng  at  different  rates  with  ammonU  gAS  and  anUine. 
When  ammonU.  for  example,  u  passed  Into  an  ethereal  solution  of  o  -naphthyloifluotosUane.  heat  is  developed  and  a 
flocculent  precipitate  is  foin>ed,  evidently  a  mlxtuie  of  ct-naphtnylaminosilanes  which  a:e  easily  hyd^lyzedby  moist  aii 
to  foim  resinous  polymers.  But  the  leplacement  of  fluorine  in  dl  et-fiaphthyldlflooiosUaDe  by  the  amino  group  takes 
place  even  on  heating  the  ethereal  solution  with  foimauon  of  di  a  naphthylamincsilarA,  which  is  quite  stable  to  moUtuM, 
This  compound  melts  at  154'156*  ar-d  solidifies  to  a  vitreous  mass.  In  tU  a-napbthylfluorosilane.  the  f  luorlive  is  replaced 
Witt  diffu  ulty  only  after  prolonged  boiling  in  toluene  with  exces>  of  sodamlde.  The  resultant  tri  et-  naphthyami^iOsUane 
is  an  amorphous  substance  meltuig  at  202-204*,  The  only  analog  reported  in  the  literature,  trlphenylamlnosilane,  melts 
at  56-56*  p]. 


Concerning  o-naphthylaminophenylsilanes.  here  also  a-^iaphthylttiamlnophenylsilane  is  forrrid  more  easily;  by 
neating  of  a -naphthyl  olfluotosilane  Ir.  toluene  to  60  -70*  with  excess  of  aniline,  it  is  formed  In  quantitative  yield.  On 
the  oiher  hafai,  the  fotnia?lor>  of  di  a  naphthyldiaminophenylsiline  requires  prolonged  boilLng.  Tn-a-napfitbylamlnophenyl- 
silaric  is  formed  in  27*5(3  yield  only  after  boiling  til  a  nat^ithylfliioiosilanc  for  6  hours  Ln  toluene  with  excess  of  sodi' 
anilide. 


EXPERIMENTAL 

The  sarting  substances  were  a-^iajAthyltrinuOfO  ii-a-naphthyldifluoio  and  tri  a-naphthylfluorosilanes,  prepared 
[6,7j  by  passing  the  appropriate  amounts  of  SICI4  into  an  ethereal  solution  of  a-naphthyl  magnesium  bromide. 

o-Naphthyltrlairlnosilare  tt^TiaHTSUNH.K  Dry  ammonia  was  passed  for  30  minutes  into  a  solution  of  €.0  g 
c-raphthylt?ifluorosilane  in  50  nil  absolute  ether.  .Heat  was  developed  and  an  abundant  amorphous  iHecrpitate  came  down, 
in  contact  with  moist  air  it  rapidly  hydmlyzes  with  ex-cluilon  of  ammonia  and  formation  of  a  resin  (soluble  in  organic 
solvc»:t$)  which  bcTis  with  a  smoky  flairre  and  leaves  a  »estduc  of  silica. 

Pt-q-ruphthyldiaiTiinosilane  (a<^^ftH■rl^Sl(NH,)t  A  slieani  of  d>’y  ammonia  was  passed  into  a  solution  heated  to 
30-33*  of  8  0  g  di  a-naphihyldifluo?osilar*e  tn  50  ml  ether  fo»  1  hour.  The  precipitate  was  filtered  off  and  twice  re- 
c'7stalliied  f'om  pyridine.  Yield  7  6  g  oi-a  riaphthyldumirrostlane  m  the  of  a  fine,  colorless  powdei,  melting  at 
154  I5G*  and  solidifying  to  a  vitreous  mass  with  a  light-yellow  color. 

Found  *>0  SI  8  6  8.4  .V  8  6.  Cj^H^^Si.S  Calculated  Si  8.9  N  8.9. 

Tm  ^aphthyla.minosiUnefa  ChH,x,SiNHi.  Tt  8.5  g  trl  tx  ♦’aphthylflvo-osilane  d'.ssoved  in  50  ml  toluene  was 
added  6  C  g  f'eshly  p’epared  sodamide  [9]  With  piecautions  against  entry  of  moisture  f^'cm  the  the  solution  was 
boUed  fb:  G  hours  the  floccjlent  p'ecipn.ute  of  sodium/  fluo'ide  was  filleted  off.  Three  c^ystaliiisatrons  {mm  toUene 
gave  4  2  g  L'l  'o-nai^ithylami^iosijar'e  as  a  fine  coloMess  powder,  meltmg  at  204  206'  and  about  3  g  un'e^cted  tri  o 
■  aphthvlflixirosilane 

Foand  Si  6  1,  6  0  N  3  2  3  1  C.,H,jSiN  Calculated  ‘5e.  Si  6.5  N  3.2. 

.^-^J'^'*-hY'^^'^^^Fiinoplienylsilafie  a-CiaH.Si(MHCfH.).  Tq  c  5  g  a  C'aphrhylC:;<l'.OiOs'la''e  disserved  in  50  ml 
toluene  was  added  9  5  g  f’eshly  uistilleo  aniline  and  the  solution  was  heated  for  an  hou’  at  60  70'.  A^re^  removal  of 
tfic  aniline  hyd'ofluo’ide.  the  p'oduct  was  rec'yaallized  bom  'oluer  e  to  give  12  2  g  a  <'a.pr!thypfiam‘."iopbenylsil»ne, 
melting  at  176  178‘  and  solidifying  to  a  vit»eo.iS  mass. 

Found  Si  0.2.  5  9  ^  11.5  11.6  C,.H,.SiN,  Calc ulaied ‘5b:  Si  6.5.  N  11.2. 

^i_,a-nanhthyldiaminophenyhilane  (a<  .>Ht),Si(NHC^H.|^  6.5  g  di-o^aphthyldinuomsllane  and  8  g  fresnly 
distiwed  arizlire  we'e  boiled  in  5u  ml  toluene  fo'  5  houis  Removal  of  tlie  ioli»ene -insoluble  p'^ecipiute  was  followed 
by  separation  of  C.7  g  fine  powdci  of  di  o-naphthyldiaminophenylsilane.  mellirg  at  184-186'  ar  d  solidifying  to  a 
vii»eous  mass. 

Found  Si  6  3,  5  8,  N.  6e2.  6  4  Cj^H,.SiS.  Calculated  Si  6.0;  N  6.0. 

I^-et ’naphthylammopt^nylsilane  (gC ,.Hvi^SiNHC.Hq  To  a  freshly  prepa-ed  solution  of  sodium  anUide  pre¬ 
pared  by  boiling  8  g  aniline  for  •;  hours  with  excess  sodium  tn  50  ml  lol.jene.  was  added  8.5  g  til  a  iuphthylfluoicsilane. 


812 


and  the  solution  was  again  boiled  for  6  hours.  Removal  of  the  sodium  fluoride  was  followed  by  Isolation  from  the 
solution  of  2.7  g  trl-et-saphthylamlnophenylsUane,  melting  at  198-200*,  and  about  4  gof  uiueacted  trl-et-naphthylfluoto- 
sUane. 

Found  SI  5.3.  5.1;  N  2.8,  2.5.  Cj^l^rSlN.  Calculated  SI  5.6;  N  2.8. 

SUMMARY 

1.  The  fluorine  In  a*staphthyltrlfluoro-  and  di-a-naphthyldlfluoro$ilanes  can  be  readily  replaced  by  the  amino 
or  amlnophenyl  group  by  the  action  of  ammonia  or  aniline. 

2.  The  fluorine  of  trl-a*naphthylfluorosllane  can  only  be  replaced  by  boiling  the  compound  In  toluene  with 
excess  of  sodamlde  or  sodium  anilide. 
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STTRIC  HINDRANCES  IN  ORGA NOMAGNESIUM  REACTIONS 


XVI  PREPARATION  OF  KETONES  BY  REACTION  OF  ACID 
CHLORIDES  WITH  ORGANOKIAGNESIUM  COMPOUNDS 

I.  I.  Lapkin 

Continuing  the  study  of  the  method  for  pr  .arlng  ketones  based  on  reaction  of  acid  chlorides  with  organomag- 
neslom  compounds  [1,21,  we  set  out  to  establish  the  possibility  of  synthesizing  alkoxyl-containing  ketones  by  this  method. 

As  we  know,  the  application  of  the  Gustavson-Fiiedel-Crafts  method  to  the  preparation  of  such  ketones  is  not 
always  successful  due  to  the  cleaving  action  of  aluminum  chloride  on  alkoxyl  groups. 

Altfiough  Fujon  and  his  co-workers  [3.4.5]  showed  that  the&ignard  reagent  sometimes  reacts  with  methoxybenzo- 
nifile  with  substitution  of  the  rr*ethoxyl  gruup  by  the  radicals  of  the  organctnagiresium  compouiKis,  this  substitution  was 
not  observed  in  a  sL.g!e  case  in  the  experimental  conditions  of  our  own  investigation. 

O.  r  res-lts  are  set  forth  in  the  uble. 

The  data  of  the  table  fully  confirm  those  characteristics  of  the  course  of  the  reaction  between  organomagnesium 
compounds  arid  acid  chlorides  that  we  had  established  in  previous  investigations  [3.2],  they  also  provide  evidence  that 
the  method  in  question  is  highly  suitable  for  rpe  synthesis  of  alkoxyl-conuining  ketones. 

EXPERIMENTAL 

(In  collabo’’atlon  with  L  G.  Fllgildeeva,  A.  A.  Vyatkina,  V.  Ya.  Vlasova.  G.  V.  Shilova  and  G.  V.  Maksimova) 

1.  rteaction  of  a  methoxy  o-raphthyl  magnesium  br^'nnide  with  benzoyl  chloride  (1:1  ratio).  Reactants:  29.6  g 
(J  mole)  c-biomo-D-meihoxynaphthalene,  1  g  magnesium  and  17.5.g  (J  mole)  benzoyl  chloride. 

Since  £5-methoxv  a  -naphthyl  magriestum  bromide  Is  relatively  poorly  soluble  in  absolute  ether,  it  was  synthesized 
in  a  irixt  jft  of  ethe*  arid  toluene  (1  To  tlie  benzoyl  chloride  dissolved  in  toluene  was  added  d'^opwise,  with  cooling 
■and  Stirling  the  ether  'ol'jcne  solution  of  a  rrcthoxy  r.aphthyl  magnesuiin  bmmide  The  ml.sture  was  heated  for  an 
hou'  in  onler  to  avoid  cleavage  of  the  mcthoxyl  grouD  onder  tlic  3c.lion  of  hydrochloric  acid,  saporilfiCbtion  of  the 
'esidual  acid  chloride  was  effected  no;  with  watc  but  v»ith  sodium  ca’’bonate  solution.  Heating  with  sodium  carbon¬ 
ate  was  carried  out  for  30  minut.es  The  ethsr  loluere  layer  was  separated  from  the  aqueous  layer,  washed  with  water 
until  neutral,  and  d’led  with  sodium  sulfate. 

Tne  mlxtii’e  of  co-mpotrids  remaining  behind  after  distilling  off  the  solvent  was  dwtiiled  in  vacuum.  A  secorid 
distillation  of  the  m.’in  fraction  (220  280'  at  8  mm)  gave  1!  g  of  jihcryl  -(.5  metlioxy  -a  r.aphthyl)  ketone  (34*59  yield). 

^  p  240-242*  at  7  rnm,  m.p.  125  120*  (f'om  lig-oin) 

.0.1390  g  substance  0  4190  g  CO,.  0  0C70  g  H>0  0  1398  g  substance.  0.1170  g  AgL  Found  °io:C  82.26;  H  5.39. 

OC  H,  11  OC  Calculated  C  82  42.  H  .5.38:  OCH.  11.83. 

An  inc'case  in  the  amount  of  o’ganomagjiesium  compound  to  a  2:1  ratio  brought  the  yield  of  ketone  to  08*59. 

In  the  liie-afrc  [G]  the  m  p  of  phenyl -(£- niethoxy-c -naphthyl )  ketone  is  given  as  125*. 

2,  Fk:acTion  of  f  ethox^  a  -.aphthyl  rnagjicsiuiu  bmiride  with  hen.:oyl  chloride  (2  1  ratio).  Ihe  reactants 
were  31  1  g({^  mole)  a -bromo- -tihoxynaphrhalene,  5  g  inagresiuni  8.8  g  ("Jr  mole)  beirzoyl  chloride. 

Reaction  corxiitio-s  we^e  the  same  as  in  the  preceding  experiment  except  that  the  order  of  mixing  of 
the  components  was  changed,  the  eihe’eal  solut  on  of  benzoyl  chloride  being  added  to  the  eriieieal  solution  of 
the  organomagnesium  compound. 


TABLE 


i)iomde  +  m  b'Omobe''^oyi  chloride 


^“CO - > 


7  Cthoxy  a  --apt  rliyi  rTugresiuir  |  i.i 
•  biomde  4  rr  bTimobe^zov'  chloztde 


rr  P'0  IPO  phenyl  [3  ire^i-oxr  -a  *• 
i>e'ore 


oc,»v 


/ 

V  > 


^'CO- 


/ft 

/ 


m  P  omotKie*  y) -[5  e:ho»v  a  ■r  «p‘>TAvl)- 
l^eto'c 


50 
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Pheryl-(fi -ethoxy  ^-iiaphthyiV Ketone  was  :solated  in  the  amount  of  12  g  (70‘S)).  B.p.  211-212*  at  2  mm; 
m  p.  79-60'  (fmm  ligrome). 

0,1406  g  sjbstance-  0  4242  g  CO-,  0  0710  g  1^0,  0.1572  g  $  ibsunce:  0,1708  g  AgL  Found 

C  82,72.  H  5.65-  OC.H,  14,4.  Cilcul-ted  ‘S.;  C  22.53.  H  5,83;  OC,Hj  16.3 

Tpis  Keto.ne  has  not  been  deset  J)ed  i.n  the  literature. 

3,  Rrracticn  of  4  .methoxy-l  nttpi:*hyl  magnesium  bromide  with  ben2x?yl  chlo’^lde  (1:1)  ratio.  Starting 
materials:  3d.5  g  (1.  6  mole)  Ibromo^-l  methoxyna’phihalene.  5  g  magnesium  and  23.4  g  (1/  6  mole)  benzoyl 
chloride. 

Reaction  co'ditlons  were  as  in  the  first  experiment 

The  maLr  f- action  (220-240'^  at  7  .mm)  weighed  26  g  A  se.  o:*d  dis^iiUtion  of  the  main  fraction  gave 
23  g  (52  %  phecyl  (4  methoxy  1  naphtnyl)  l<eio'«.  fc.p.  213-215*  at  4  mm  :  m.p.  81-82*  (trom  a  mixture  of 
lig'^oine  and  toluene). 

0.1136  g  subs  ta  nr  e  0  3425  g  CO  •  0  0530  g  ri^O.  0  1252  g  subsunce.  0.1065  g  AgL  Found'S): 

C  82  27.  .H  5.22.  OCH,  11.24.  Calculated  C  82  42.  H  5.38:  OCH,  11.83. 

In  the  llteratu  e  the  ir.p,  of  tins  kemne  [7]  is  given  as  82  83'. 

4  Re^r  non  of  4  ethoxy  l-^apl  tbyl  injg'esiurr  b'oiride  with  be^zoy?  chloride  (1:1  ratio).  Stating 
substa-'.  cs-  41.8  g  (1/6  mole)  1  bmiiro  4  ethoxyr.apr.’h»le'e,  5  g  mag.-.esium  a^d  23  4  g  (1/  6  mole)  benzoyl 
c.'^Jo-ldc 

The  m.’xtu'e  of  s.pj’ances  obt<iineJ  in  the  ’eaction  (earned  out  under  the  cornlitions  of  the  first 
experiment)  was  distilled  in  var  uum  at  8  mm.  first  fraction  to  215  *.  seco.nd  fraction  215-260*,  25  g. 
residue  in  flask  3  g.  A  seco  d  distillation  of  the  seco'id  fcaction  gave  23  g  (50'S))  phenyl  (4<tboxy'l- 
rapnthyl)  fetonc.  h  p.  245  247*  ar  8  mm;  m  p.  71  -72*  (from  ligroure  ♦  toluene). 

0.0955  g  Substance  0  3004  g  COj  0  0511  g  HjO.  0  1335  g  subsunce;  0.1099  g  AgL  Fo*.nd 

C  82.37.  .H  5.74  OC,H,  16  16.  Calculated  'S).  C  82.58.  H  5.83;  OC,H^  16.30. 

Phenyl  ■(4-ethoxy  1  naphthyl)  ketone  has  a  r.i.p.  of  74-75*  according  ©  the  literature  [8J 
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5.  ttMctior.  of  fi^ihoxy  *-^>aDhthvl  mignewum  bro  nide  wl"j>  m  bromobenzo^^UMorlde  fi:  I  WIO], 
The  *nx»iirJs  ot  **rting  miterials  weje  e*ch  1/ 8  mole. 

Reaction  condliloiu  were  as  !n  the  flrti  experiment. 

The  yield  of  m-bromophcryl  t6-methoxy^i-naphthyl)-ketone  was  48 (20.5  g).  B  p.  250-253*  « 

6  mm,  m.p.  99-100*  (from  llgroine). 

0.1565  g  »ub$urx:e;  4.6  ml  0. iN  A^O,.  0.2404  g  s^bsunce ;  0.1550  g  AgL  Found  fo:  Br  23  49 

(Stepa'^ov's  method),  OCHj  8.5.  Calculated  te  23.42;  OCH|  8.1. 

m-Bit)mophenyl-(S^n4;ilBxy-«suphthyl)-ketone  forms  a  plcrate  with  m.p.  114-115*. 

0.0445  g  tubtunra:  2.3  ml  0.1  N  HCl  (hyd-rogemtlon  by  Te:  Mculer.  method).  Foucd  %: 

.N  7.24.  Calculated  N  7.36. 

Neither  Ae  ketone  nor  Its  plcrate  ate  mectlcned  In  the  literataie. 

6  Reaction  of  g.-ethoxy  -e  raphthyl  magr.etluir  b^orrlde  with  m-bromobenzoyl  chloride  (1:1  ratio). 
Surting  m  aterlaU  In  amounu  of  1/8  mole  each. 

m  -B^mophenyl-f  3  “ethoxy-ii -naphthyl) -ketone  partly  decomposes  when  distilled  Ir.  vacuum;  after 
•eiroval  of  solvent  it  was  thcefore  isolated  from  the  reaction  mixtw.'e  by  freezing.  Mp.  97-98*  (from 
llgroine)  Yield  22  g  (50^). 

0.1811  gsjbsrance;  5.1  ml  0.1  N  AgNOf  (Stepanovas  met.nod).  0.1529  g  Substa.ncc:  0.0948  g  Agl 

Fov:d  •jo.  B:  22.50,  OC^Hj  11.91.  €^^.^0.8:,  Calculated  •jo:  5?  22.50.  OC^H^  12.68. 

This  i  etone  Is  likewise  not  described  In  the  literature. 

7.  Reaction  of  4-rnethoxy-l -naphthyl  magnesium  bromide  with  ro-b.romobeazoyl  chlo’lde  (1:1  ratio). 
Reactlort  com  pone  Its  were  34  0  g  (1.  7  mole)  l-bromo4-m€thoxyTap’'!th4le’«  5  g  mag'csium  ari  31.3  g 
(1/7  mole)  m-brcmober^zoyl  chloruie. 

Vccuum  distillation  (S  mm  )  of  the  .'•eartion  p.oduct  g»ve  the  tcllowir.g  f»ac.tior.$:  I)  up  to  205': 

II)  205  20G*  30  g  residue  in  flask  1  g  A  sero  d  di$r>Jlation  of  ’■he  seco^'d  frortion  g^ve  27  g  (55?:)  of 
m-bromopiienyl -(4 -methoxy-l'naphthyl) -ketone.  E.p.  244-245*  at  5  mm;  m.p,  129*  (from  lig.'Oine-toluenc 
mixture). 

0  1001  f  suDsunce  0  0  546  c  .Agfr  0  0814  g  si-bsunc-'  .  2  3  ml  0.1  N  Ag'^O,.  Found  *?».  k  23  20; 

OCH.  8  8  Caicalated B«  23.42  OCH,.9.1. 

rr  B*omop»  e’-yl  (4  metlioxy  1-^aphthyl;  Keicre  is  ro:  desciibed  In  t.ne  liie:it--.’e. 

8  Reo^ctiO’-  of  4-e’hoxy  1  magnesium  b'omide  with  m  bromobe  rzoyl  c-loride  •  1  )iTtc ). 

Su:^tlrg  sobs’.anccs  36.'.  p(l  7  mole)  I  b'omo  4-€Thox>"'apnthalene  5  g  magnesium  a’’d  31  3  g  (l.'T  mole) 
m  bromobe-jioyl  chlo’-de 

Tlic  yield  of  m  bromopr  enyl  (4  «tliOx>-l-^aphlhyl)  keto-e  was  28  g  (56‘jc).  k'^p.  95  96'  (from 
llgo me  toluene  mixtu  e). 

0.0967  g$.bs».arce  2.7  ml  C.  1  ^  Ag\a  (Srepa'ov  s  meu.od).  0  1033  g  s.bsti'ce;  2  8  ml  0.1  N 

Ag^O.  (.vrip^l  metnod)  Fo-rui  •jo  B-  22  28:  Or,Hj.  12  21.  C-Icaced  •jo.  Br  22.50- 

OC,Hj  12  68. 

This  actor.e  hss  ’'ot  previously  been  reported  in  tf£  literature. 

summary 

1.  The  ^search  dcsc’ibed  ir  this  pipe-  demonsfates  the  possibility  of  sy*- thesis  cf  seiG.^es  by  hne 
.reaction  cf  orgar-Oimag  esUm  compounds  with  acid  chlo’-ide,  ever,  ir  mote  complr.c.aied  cases  when  the 
’eacunts  co'taln  va»ioos  ili^oxyl  groups. 

2.  8  Alkoxylcop^airi'^  ketores  have  been  synthesized,  of  which  5  have  rot  previously  beer  described 
the  literature. 
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NEW  TYPES  OF  TERRENE  TRANSFORMATIONS 
Xni  THE  ACTION  OF  CHLORINE  ON  c>THUJENE 


D.  Tishchenko  and  T.  Danilova 


In  Communication  I  general  consideration  was  given  to  the  characteristics  of  reaction  of  chlorine  with 
terpenes  [1],  while  in  Communication  V  experimental  data  were  presented  for  the  action  of  chlorine  on  A*- 
carene.  It  was  found  that  in  our  chosen  conditions  the  three-membered  ring  of  carene  does  not  react  eidier 
with  chlorine  or  with  hydrogen  chloride,  and  the  primary  product  of  the  reaction  is  3'chloro-A^arene.  It 
was  desirable  to  establish  whether  this  case  of  stability  of  the  three-membered  ring  in  blcyclic  teipenes  was 
the  rule  or  an  exception.  To  this  end  we  studied  the  action  of  chlorirre  on  a-thujene.  a-Thujene  is  an 
atulog  of  trimethylethyleiK,  and  hence  Lvov’s  reaction  should  proceed  for  it  with  a  sufficiently  high  yield, 
although  lower  than  for  trimethylethylene  (about  90^),  due  to  the  "hemlcyclic  prohibition”:  another  direction 
of  the  reaction  is  improbable  due  to  the  'Brcdt  prohibition:* 


♦  HQ 


Chloride  (I)  should  be  stable  at  70*.  and  on  ojsjnizatio.n  it  should  give  formaldehyde  (or  formic  acid) 
a'xl  a  c hlo'oietone  of  the  composition  C  Chluiide  (II)  on  ozoni^ation  will  give  a  chJorodiketone 

Qzonizatlor  give  a  chlo’o>«eto':e.  thus  establishing  stricture  (I)  *01  the  chloride  of  s  ihujcnc 
(-'Chlo’osabL'»ene).  Cleavage  by  chlorine  of  the  three-membered  rmg  should  give  a  monochlorldc  with  two 
dojble  bo'*da  which  wodd  exclude  the  possibrJity  of  obui^mg  the  chlorokeione  C*HjOCl.  It  was  thus  shown 
that  the  case  of  A*  carene  is  not  exceptional  a'ld  that  the  t^uee-mer^be:ed  ring  in  blcyclic  terperes  is  stable 
in  oar  chosen  chlo’i'-^aiio:.  co'ditions. 


We  brought  chloride  (I)  P'o  resc»Aon  with  po’asslum  acetate,  apart  from  the  expected  ester  of 
te'penol,  ll»ere  was  obtained  a  subsunce  which  was  bright  red  both  as  vapor  and  liquid  and  whose  constants 
corresponded  to  a  hydioca^bon  (’^dehydroterpe'-c').  We  obuined  these  'dehydrote'penes*  by 

removing  a  molecule  of  hydrogen  chlo-lde  f’om  the  mo»‘OchJo:ides  of  tcrpnolene  carene  a'jl  0  py.tonene, 
I’’  composition  they  corespond  to  tetiarrethylbe'’ze''es  and  othc’’  isomc's  of  a'cmatic  hydrocarbons  of  ti»e 
composition  but  they  diffe'  tonspu  uo.sly  from  the  latte:  in  physical  and  chemical  properties.  The 

Ultc'  ih  ee  ’dehyd'O’e'pc^fCs’  a.n  volo'less  the  '  dehydrote^pere'  from  2 -chlorosablnene  iscolo'cd,  which 
fart  Is  fully  consistent  w‘th  its  most  p-ob«ble  structuie  (III). 


u 

Cl 

— ^  >  ■ 

♦  HCl 


Dlmethylfulvene 


TMi  s»“uctii.-e  of  2.7  «bin-4iens  cirphaslzes  itt  kMlcgi  wUh  the  colo:ed  fulvePAS,  hyd:oca:bons  with  « 
CTOsied  $ystc:o  of  conj..g«ed  double  bonds.  If  we  asiimt  that  It  conuLns  a  ih-xe  inerrbc^ed  rUig  without  *  mintiple 
bo'^^  The  possible  suucture  of  1.7  sabliudlcpc  with  an  allenic  grouping  is  very  much  less  probable  both  from 
therrrodynamic  cpnslderitions  and  font  the  fact  that  out  •dchydroietpene'  Is  colored.  Allenic  hydrocarbons  are  • 
colo’less  We  esubli»^ed  that  the  'dehydroterpene*  from  tetpinolene  chloride  coiresponds  to  the  structure  1,3,8(9)- 
p^enthatricpe,  and  the  ’^dehydtoterpene*  from  carene  chlo’ide  to  2,4<aradiene,  They  are  both  isomeric  with 
2.7-sablnadferje.  and  of  course  with  p^cymene,  and  thcU  uomerlzaiion  to  pcymere  ought  to  be  accompanied  by 
very  cor^derable  release  of  energy  ("*‘lTvg  aromatizat*on*).  This  isomerization,  however,  does  not  take  place 
either  on  formation  of  ‘dehydroterpenes*  or  during  their  Isolation  and  put^ification.  These  facts  throw  doubt  on  the 
row  fairly  widespread  views  of  the  structuie  of  systems  of  cortjugated  double  bonds.  The  theory  is  that  in  such 
systems  the  valerce  electrons  are  rot  firmly  anchored  between  the  respective  atoms  and  can  move  fairly  freely 
th’oughout  the  whole  system,  'creating  a  differert  density  of  electron  cloud  at  different  points*.  Such  a  ''mobility 
of  the  electron  cloud*  d.ould  greatly  facilitate,  tbermochemically,  advantageous  Isomerization  reactions,  as  in 
our  case  for  instance.  In  actual  fact,  'dehydroterpenes*  a^e  fairly  stable  Wcare  forced  to  the  ccr>clusion  that 
the  ideas  about  'mobility  of  the  electron  cloud  in  a  system  of  conjugated  double  bonds*.  Ir.  our  case  at  least,  do 
^ot  accord  with  Ihe  facts. 

We  did  not  prove  the  sfucture  of  icrpe.nol,  prepa*ed  by  leaction  of  potassl'.m  acetate  with  2  <hlo.rosabinene. 
It  can  be  either  2  hydroxy sJ bine ne  or  T-hydroxy- a  -thujene  (ally!  ’■ear  rangement  In  the  Instant  of  the  ion-exchange 
react!  or:). 

This  L’^vesiigation  showed  that  the  mechanism  of  reactior  with  chlo*iT'c  advanced  by  ts  in  Communication 
!  is  also  valid  fo^  c  -thuiene.  that  tne  resultant  2-chlo?os^bir:er,e  may  be  bought  i'.to  ario.r.  exchange  reaction  to 
give  the  cor*espo’-di'g  de  ivauves  a^d  that  by  cleavage  of  a  molecule  of  hydroge'  crJoride  It  iscorxverted  into 
an  orarge  colo'ed  'dehydroterpene*.  a  hydrocarbon  with  tne  composition  apparently  2,7-sabinadiene. 


EXPERIMENTAL 

a-Tnujere  was  p’ep»-ed  by  Ch.gaev^s  mtihod  [2j  from  DLth.jyl  alcohol  which  we  obtained  f»^om  fi  -ihujone 
by  rediictio'  with  isopropyl  alco.hol  m  p’esence  of  alum-inom  Isop-opvlate  [4]  Riictificatior,  of  the  mixture  of  hyd.t)- 
carbons  i’’  a  co1‘jJT”i  with  an  efficiency  of  40  theo'etical  plates  yclded  a  constant  boiling  f-action  luentified  as 
a  th-je'€  with  b  p  49-50*  at  21  mm, 

d*®  0  829  nj5  ^  4512:  MRjj  44  22.  Calcularcd  44.21. 

ChjO'f  aixO*"  WAS  performed  in  conditiC's  which  liave  often  been  desc'ibed  Reage’^ls  were  a  -thujcne  111  g, 
‘CM'O^SOg  tiCl  (1  19)  120  ml  souirm  bica'bonate  100  g  The  o'ganic  ixodvcts  of  *e«ct)o.’'.  weighed  12C  9  g  and 
contai'ed  18  4o  gchlorlne  The  Iro’ganic  chlo'ine  content  was  10  11  g.  pe*  ce*"!  anomalous  ^eaclio''  =  70.8. 

T.he  :e*ctio\  p-oduct  was  hacilonated  in  a  column  of  0*7  Lheof’cacai  plates  and  at  a  bi'ti  lemoe'ature  not 
nigre-  man  70"  The  male  f-actlon  of  monochlonde  had  b  p.  37*  at  0  17  mm. 

dl®  0  984  1.48C2.  MRd49  78  Calculated  49  08 

The  exaltatior  of  ref'act.on  (0  7)  is  exactly  cha'acte'istic  of  the  i*emicv.  ’Ic  double  bo  .a  co'jogated  with 
a  tn*ee  membered  tug 


0  1424 
C  1  20  8 


0  1704  g  i,bsu-_ce  0  1132  0.1372  gAgCi.  lo.r.d<^.  Cl  19  7  20.9  C  .Cl  CaV-.lated  Tt- 
Allylic  chlo-mu  was  fou^d  by  digesting  a  weighed  sample  wim  r>ot-»ssl.m  acetate  in  acetic  acid* 


19  5  a^d  19  3^ 


mo'ochlo'ide  10  g  mo^'or  hlo’ide  l-*  80  m!  chlo'ofo'ir  was  ozon^icd  wi»i>  78  lite's  of 
5^c  ozone  Tlie  '.hlD  rfo:m  was  -emoved  from  w  tenth  pan  of  rhe  solutio-  of  rre  ozonide  ^aci.ir'.  Res:d*je  was 
a  viscous  luj.id  welgri’-g  1  3  g 

0  2014  g  s.bst,-fe  0  4  02GgCO,  0  1298  g  h,0  0  2203  0  1418  p  s,bsu r^c  0  1472  0.0960  g  AgCl. 
Fou^rd  <715  €545  r>  1  2  Cl  16  6  1C  7.  C.,H^,D,ri  C  al:  dated  *5b  C  54.9  H  6.9  Cl  16  2. 


The  :emai''_-g  ozonide  sol.,ijo-,  was  hyd’olyzed  by  slow  aduitio'  to  bcill'g  wa'e-  wr;Ue  the  ryd-olysls 
P'oaucts  we*e  distilled  off  in  t.-e  aq.eojs  laye»  was  found  0  C  mole  fo*irlc  acid  a’d  0  3  mole  fo-iralde'-yde  (iso¬ 
lated  as  formal  dimedone) 


The  chloioform  was  driven  our  of  the  chlom^c^m  layei;  the  waghr  of  the  residue  was 
rionated  at  0. 1  mm  The  principal  fraction  (.3.9  g)  melted  at  86-88 


6. .5  gi  it  was  frac- 
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1,10-5;  1.48[<6:  MKq  45,1;  CjhijOCl  A  (chloroketor.e).  C«lcuUied:  44.94. 

0.1197,  0.1272  g  fiibsunce:  0  2731,  0.2908  g  CO^:  0.0852,  0.0916  g  H|0.  0.1015,  0.1747  g  substance; 

0.0800,  0.1392  g  AgCl.  Found«|b:  C  C2.2,  C2.3;  H  8.0  a.J;  Cl  19.5,  19.7.  C^igOCL  Calculaied  5b: 

era.  7;  H7.5;  Cl  20.5. 

OxUiatipn  of  the  chloroketone,  0.9  g  was  oxidized  with  a  solution  of  0.2  g  permanganate.  Ihe  Isolated 
crysulllre  acid  with  m.p.  about  140*  was  transformed  into  the  silver  ult. 

Found  Ag  53.1.  52.6.C|Hj^04Ag^.  Calculated  5b:  Ag  53.9. 

Preparation  of  the  semlcarbazone.  To  a  solution  of  0.4gchlorokeione  In  alcohol  was  added  an  aqueous  solution  of 
0.4  g  potassium  acetate  and  0.4  g  semlcaibazide  hydrochloride.  The  resultant  precipitate  was  dissolved  in  alcohol  with 
heating.  Crystals  came  down  after  3  days  and  were  washed  In  alcohol  and  dried.  Mp.  220“;  no  chlorine  present. 

Its  analysis  corregsonded  closest  of  all  to  the  semicarbazido-semicarbazone  CuH|A^* 

Found  5b.  N  27.5,  27.8.  Calculated  5b:  N  31.3. 

Reaction  of  2  chlorosabine'-.e  with  potassium  acetate.  14.5  g  roonochloride,  13  g  of  the  salt  and  10  g  acetic  acid 
Were  heated  4  hours  on  a  water  bath  and  then  2  hours  on  a  sand  bath  at  the  boil.  After  cooling,  the  solution  was  diluted 
with  three  times  the  volume  of  water  ard  extracted  with  ligroine.  In  the  aqueous  layer  was  found  5.6  g  chlorine:  the 
reaction  took  place  to  the  extent  of  9(f1o.  The  solvent  was  removed  fro.m  the  extract:  weight  of  residue  15.4  g;  it  was 
fractionated  in  a  small  column  and  gave  two  main  fractions:  1)  b.p.  40^41“  at  5  mm  (yield  about  30^  of  the  possible): 

2)  b  p.  74,6''  at  2  mm  (yield  about  305bof  the  pofsible). 

Fraction  1)  was  a  mobile,  dark-orange  liquid;  the  vape:  had  the  same  color: 

di®  0.865,  1.4860  MRd45  5.  CioH^  fs  ^  Calculated  43.75. 

0.0632,  0.0.634  g  subsunce:  0.2080,  0.1752  g  CC\:  0.0655.  0.0556  g  H^O.  Found  5a:  C  89.7.  89.6:  H  11.6.  11.7. 

CisHu-  Calculated  5b:  C  89.55  H  10.45. 

The  total  5bof  C  ard  H  =  101.2.  The  combustion  arailysis  for  benzoic  acid  gave  a  systematic  error  for  hydrogen 
of  the  o'der  of  +  0.6  to  *  0,75b.  With  this  cor.’-ect.on  tne  analytical  figures  are  accepuble  and  correspond  to  the  com- 
positior 

The  hydrocarbon  is  decolorized  whicn  its  benzene  solution  is  heated  with  maleic  anhydride. 

Fraction  2)  is  colorless. 

di«  0  969;  n’l5  1.47065:  MRjj  55.i^.  C^oH^iOCOCH,  ^ A..  Calculated:  55.10. 

Saponification  rumbe'’.  feurd  282,  calculated  28L. 

Pr-epa'-atio"  of  the  alcorol.  2.3  g  raction  2)  was  heated  on  a  bath  for  2  hours  with  a  solution  of  1  g  KOH  in  50  ml 
alcohol.  The  reaction  product  had  an  ora'ge  color  The  solution  was  diluted  with  thf^ee  times  the  volume  of  water  and 
extracted  with  hg-ore  The  solvent  was  d’iver  off  from  the  extract  and  tlie  residue  fractionated  at  3  mm.  The  first  run” 
rirgs  were  colored  o'^ange  (’dehydrote.'perc');  at  6C  -66“  the  anticipated  terpenol  came  over  (1.2g). 

dj®  0.942.  if  1  4861'  K'Rq  46  33  T  A.  Calculated  45.74. 

Found5b  OH  10.5,  10  7  (Chugaev-Tserevitirov).  Calculated  5c.  Oh  11.2. 

Semmler  [3J  gives  fo  sabi'ol  d;®  0.943  1  488. 

SIJMMA  RY 

1  The  action  of  chlorine  on  a-thujene  was  investigated. 

2  In  acco.ni  with  the  consideratiors  developed  in  Communication  I  the  main  product  of  the  reaction  Is 
2  chlorosabinene. 

3  Reactlo'-  of  2-crilo'-osabL'ie-'e  with  peussium  acetate  leads  to  the  ester  of  terpenol  and  dark  orange  "deiiydio-* 

terpene*  probably  2  7  ssbinadiere,  an  analog  of  ihe  fulvenes. 
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SYNTI?ESIS  AND  TRANSFORMATIONS  OF  SOME  DERIVA¬ 
TIVES  OF  N,N-DI-(6  HTfDROX  YETHYL)-AMINOACETIC  ACID 

n.  esters  OF  N.N  DIM  YDRDXYETHYLAMINOACETIC 
ACID  AND  N-HYDROXYETHYLMORPHOLONE 


N.  V.  Khromov  ard  A.  L.  Reraizov 


In  the  previous  comnxmeation  [i]  it  was  pointed  out  that  the  dehydration  of  N,N-dl-(S*hydroxyethyl)- 
aminoacetic  acid  in  ptesence  of  hydrochloric  acid  leads  to  formation  of  the  hydrochloride  of  N-(8-hydroxy- 
ethyl)-inorpholone-2.  Consistent  with  this  structure  of  the  compound  is  the  complete  identity  of  its  acetyl,  benzoyl 
and  diphenylacetyl  derivatives  (esters)  with  the  acetic  (r>.  be-tioic  (II)  and  diphenylacetic  (III)  esters  of  N-hydroxy- 
ethylmorjrfiolone  synthesized  frorr  the  latter  when  reacted  in  the  form  of  the  free  base. 


CH,-CH» 


-CjH^-OCOR 


R  =  CHf;  C^H*:  (C,H5),CH 

(I)  (II)  (UI) 


Preparation  of  the  esters  bou.  f.-om  the  hydroc hionde  and  from  hydroxyethylmorpholone  base  was  effected  with 
the  help  of  the  acid  chlo.'ides  of  tne  co**espo'dtrg  acids  in  a  medium  of  pyridine.  None  of  the  three  esters  is  described 
in  tiie  literature  They  a  e  glyce’ol-like  liq-Jds  with  se::.  weak  basic  properties.  The  hydrochlorides  of  the  esters 
proved  to  be  unstable  (they  deliquesced  in  the  air  a'd  c:sir*ciaied  even  when  heated  senily);  they  were  therefore 
Idenufied  through  the  p'c'ates  and  picrolonates.  The  pi.c-a:e  and  picrolonate  of  acetate  (Q,  the  picrate  of  benzoate 
(I!)  and  the  picrolorate  of  diphe">lif  etate  (III)  were  prepared  for  this  purpose.  The  last-named  ester  bad  such  feeble 
basic  properties  mat  it  did  not  fo-rr  »  stable  pictaie  E^ez  the  picrolonate  was  distinguished  by  lability  and  decomposed 
O''  crystylllzation 

Lr  me  same  way  as  hydroxyetr  vlr.->q'p^olone  i.'*  zyi’olysis  gives  dlhydroxyethylatiiinoacetic  acid,  so  also  the  synAe 
sized  cyclic  esters  O'-  he*:i’-g  with  wafer  a'e  tra'sfor.rriec  i-.ro  the  correspor'dLng  acids  by  the  reaction: 


.CH.-C 


RCC>3CtH4-N< 


Cm, -CH 


V)  ♦  H  O - >  RC00C,H4-N< 


,Cri,-COOH 


:H,-Ch;OH 


R  =  CK  (r/rIi;.CH. 

(IV)  (V)  C^T) 


The  acids  (iv  V  vi )  p'epa’ed  i”  tnL«  way  are  r-o''oesters  of  dihyd-oxyelhlglycine ,  they  arc  crystalline  sab- 
su'ces  During  melti'g  tney  Iok  water  to  form  the  or;g_*.al  esters  of  hydroxyethylmorpholone.  once  melted,  therefore, 
ihc-y  do  not  solidify  o*'  coolrg  and  m  ail  their  pnyslcal  a'd  chemical  properties  (solubility,  formation  of  plcraies  and 
pricrolonates)  tney  become  pe-feclly  ide'tical  with  the  c:--e$pondtn^  esters  of  n  ydroxyethylrnorpholone. 


1"  solutions  contai.rir.g  water,  bom  forms  of  t.ne  czers  (the  acidic  atxi  t}»e  lactone)  appa'cntly  exist  in  equilibrium 
which  with  risar.g  temperature  is  srifted  in  the  direct.o"  c:  closure  of  the  lactone  ring,  as  can  be  conveniertly  observed  in 
the  case  of  the  aqueois  solution  of  tlie  monobc'.zoate  of  c.nydroxyethylglycine  (V).  This  compound  Is  notable  for  its  high 
solubility  in  water,  whereas  the  benzoate  of  hydroxyerjiylmorpholone  (II)  termed  from  It  is  almost  Irsoluble  in  water. 

If  the  aqueous  solution  of  the  of*n-chai'.  form  is  evaporated  on  the  water  bath  to  a  very  small  volume  and  then  diluted 
with  water,  the  liquid  sepa’ates  into  two  layers,  an  upper  one  aqueous  and  a  lower  oily  one.  In  all  its  properties  the  oil 
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is  Identic*!  with  the  benzoate  of  hydroxyethylmoipholwie. 

Con«quenUy  the  process  oi  ..  sr^ng  of  the  Ucione  ring  even  proceeds  in  aqueous  solutions.  This  U  also 
demonstrated  by  the  fact  tl*at  after  evaporation  of  the  solvent  (aqueous  methanol  or  ethanol)  from  the 
liquor  obuired  on  recrystalllzlng  the  dihydtoxyethylglyclne  monobenzoatr  a  gelatinous  mass  remains  which, 
unlike  the  original  crysulllne  product,  is  soluble  in  benzene  and  simUar  solvents  and  forms  a  plcrate  which  does 
not  differ  from  the  picrate  of  bydroxyrt  hylnroipholone  benzoate.  No  matter  how  pure  is  the  open  ester  uken 
for  f  »^ysullIzation.  the  mother  liquor  will  always  contain  the  lac’or.e.  In  this  case  also,  therefore,  an  equilibrium 
Is  errablished  between  the  hydroxy  acid  and  its  lactone. 

An  attempt  was  made  to  synthesize  the  morobenzoate  of  dibyd’^oxyethylglyclpe  directly  from  the  dihydroxy 
acid  The  reaction  was  cairied  out  between  benzoyl  chloride  and  dibydioxyetbylglycine  in  a  pyridine  medium,  using 
a  trolar  ratio  of  1:1.  In  place,  however,  of  the  monoesiet  of  the  dihydroxy  acid  which  should  have  been  obtained 
in  :.ne  normal  course  of  the  reaction,  the  origirral  dihydtoxyethylglycLie  was  recovered  from  the  »^eaction  mixture 
(nearly  40^  of  tlie  original  amount  was  recovered),  and  benzoic  acid  arrd  hydroxyetbylmoipholooc  benzoate  wete 
also  formed. 

A  similar  attempt  to  synthesize  the  dibenzoate  from  dihydroxyeihylglycine  and  two  molecules  of  benzoyl 
chloride  (in  pyridine)  was  also  unsuccessful.  In  this  case  again,  instead  of  the  anticipated  dibeiuoyl  derivative, 
the  beozoaie  of  hydroxyethylmotpholone  was  obtained.  Such  a  course  of  ihe  benioylaiion  of  dihydroxyethylglycine 
becomes  intelligibU  if  we  assuii>e  the  follcwu'.g  meebanisn.  Tlie  firs  step  is  the  irormal  process  of  esterification 
to  fo'rr  the  monobenzoate  of  dihydtoxyethylglyctne(V).  We  have  shown,  however,  that  ihemoichenzoate  of  dihydroxy 
eihylglycine  ir  solution  (especially  when  bot)  Is  in  equilibrium  with  the  ber^zoate  of  hydroxyethylmorpholone  (II).  Since 
the  benzoyl  chloride-pyridine  complex  is  l^ncw  to  avidly  absorb  water,  the  lattei  i»  progressively  removed  from  the  sphere 
of  reaciior.  Tfic  equilibrium  Is  consequemly  shifted  to  the  tight,  i.fc.  Ln  the  direciio'.  of  formation  of  the  morpnolone 
derivarivc,  as  we  also  observed  in  our  experiments.  Heiv.e  the  sole  route  to  preparation  of  the  monoesters  of  di^ 
hydroxyethylglycine  lies  thiough  the  step  of  isolation  of  tf*e  esters  of  hydroxyethylmorpholones  followed  by  iuclr 
hydrolysis  , 

The  dibenzcaie  of  dihydroxyeihvlglycLne  could  only  be  p  epared  by  be''LZOylaiio.T  irt  an  all<aline  medium  (Schonen- 
Bauma-Jti)  It  pjoved  to  be  not  lientical  in  properties  wrth  the  compound  synthesized  by  an  analogous  method  by 
K!p'ia''ov  this  compound  acccidittg  to  Kjpuanov.  was  a  soft,  easily  fusible  mass  wh  ch  fc/med  a  benzoylethyl  ester 
when  'ec'ystallized  from  alcohol  The  dibc^zoyl  derivative  of  dihydroxyeihylglycine  that  we  prepared  hao  a  well- 
deftr^d  crysta^Jne  suuctu'c  melted  shatplv  at  142*  and  did  not  undergo  any  decomposftion  when  rectystallized  from 
methanol  or  ethanol.  Its  structure  as  tlie  di  benzoate  of  dihydtoyxethylglvcine  (Vlf)  was  confirmed  by  the  elemertary 


HOCOFl, 


:h,-cH|Ococ4Hj 


analysis  and  by  ail  its  properties  As  shown  by  out  obser  .ations  tendency  of  monoesters  of  dihvdroxyeihylgiycine  to 
change  into  the  lactone  is  in  defin.te  relation  to  the  degree  of  basicity  of  the  fo'med  mo'pi>olone  derivatives.  The 
weaKe.r  the  basic  properties  of  the  cyclic  product  the  more  easUy  is  it  formed  ard  the  n)0»e  stable  it  is  Such  a  rela¬ 
tion  between  the  stability  of  morpholone  derivatives  a^d  their  basicity  is  ccr'spicuous  when  we  compa'e  the  proper 
TiesCr^  hyd'Oxyethylmorpr,olone  and  Its  esters 

The  basic  prope’tios  of  hydroxyethylmo’pholo  ic  an-  farly  well  marked  Its  aqueous  sol utioris  hive  a  weakly 
alkal.oe  re«ci.u<i  to  Ftrijiiar>t  yellow  paper  (pH  about  "  5),  tfie  hydro*  hlonde  is  quite  stable  in  the  crystalline  fo'm  •"d 
does  '<0!  u'deigo  apprecuble  dlssoc.atiun  on  prolonged  heating  at  ’'iPirturiitcs  not  higher  than  its  m-lini'  point  (139'). 

Fy  confast  hydrrxyetnvlmn-pholone  has  po.?r  stability  ir  the  form  of  its  free  base,  after  o»>ly  a  few  days  in 
the  air  jt  IS  cove.ed  wjth  a  de'se  crust  of  dibydrcxyeUiylglycirre  due  to  hydrolysis  The  basic  p’operties  a'd  stability 
of  esiers  of  hydroxyethylmorpholone  are  in  marked  contrast.  All  of  the  three  esters  which  we  have  studied  (acetate, 
be  zoate  and  diphenyl  ace  late)  possess  negligible  basicity.  Ther  aqueous  solutions  (admittedly  ve»y  dilute)  have  a 
reuiral  reaction  to  all  the  usual  indicatois  with  a  colo»  change  in  the  pH  range  of  6  to  7  (e  g  methyl  red  ar^l  litmus) 
Aite-uo''  hias  been  d'awr  abeve  to  the  Instabiliry  nf  ti,tir  hydrochlorides,  hiote  has  also  been  made  of  the  extra 
o:dira’ily  low  basicity  of  diplienylaceiate  whic*  does  not  even  form  a  picrate  On  the  other  hai.d,  the  esters 
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of  hydxoxyeihylnioipholone  Are  mirch  more  ttible  thAn  the  orlginAl  Amino  Alcohol  AT\d  caji  be  exposed  to  the  Alt 
without  AppreciAble  hydrolysis  over  a  period  of  dAys.  The  dlphenylAcetAte  Is  pAitlculArly  stAble,  which  is  fully 
consistent  with  its  very  low  bAsiclty.  The  same  considerAtitMis  mAy  be  sAid  to  Apjdy  to  the  CAse  of  closure  of 
the  morpholone  ring.  Here  a  conver^ient  crAsrion  is  the  melting  point  of  dihydroxyethylglycine  And  its  mono* 
esters,  since  this  tempcrAture  is  essectlAlly  not  only  the  point  of  chAnge  of  physicAl  stAte  but  is  Also  to  a  grcAt 
extent  the  point  of  trAnsfoimAtion  of  the  hydroxy  Acid  into  its  lActone  (AccompAtiled  by  closure  of  the  morpho* 
lone  ring).  The  lower  the  melting  point  of  the  compourul  in  question,  the  more  eadly  (in  otherwise  identicAl 
conditions)  is  the  morpholone  derivAtive  formed. 

In  the  t  Able  below  Are  listed  the  •melting*  points  of  dihdrcxyethylglycine  And  of  its  three  monoesterA 


The  dAtA  in  the  tAble  show  thAt  dihydroxy* 
ethylglycLne  chAnges  into  the  morpholone  deri* 
vAtive  much  less  readily  than  its  roonoesters. 

Of  the  latter  the  diphenylaceute  forms  the  lactone 
with  the  greatest  ease.  The  basic  properties  of  the 
diphenylaceute,  as  repeatedly  observed,  are  the 
weakest  of  all  the  esters.  Such  a  correlation  be* 
tween  the  basicity  of  the  morpholones  and  their 
subility  is  also  in  accord  with  the  fact  that  N.N* 
arylhydroxyethylglycines  generally  caiuiot  be 
obtained  in  the  free  sute,  because  they  are  trans¬ 
formed  into  the  cor.’e  spending  N- aryl  morpholones 
on  simple  acidification  of  solution:  of  their  salts. 

Yet  for  the  purpose  of  cyclizaiion  of  the  N.N  alkylhydroxyerhlglycines  it  is  necessary  to  have  recourse  to  dry  distilla¬ 
tion  in  vacuum,  the  resclunt  alkylmorphcloiies  being  readily  hyd''Olyzed  wJih  aansformation  into  the  origirul  acids  [31 


Substance 

Temperature  cf  transform¬ 
ation*  into  lactone 

Dihydroxyethylglycine 

190-1 92* 

•*  monoacetate 

102-104 

**  monobenzoate 

127-127.5 

*'  diphenylaceute 

82-84 

experimental 


he’^zoate  of  N  hvd’oxyethyl.mo^pholone.  3.36  g  (0.023  mole)  freshly  distilled  hydroxyethylmorpholoi.e  or  4.18  g 
of  its  hydrochlo'id'i  was  db'Solved  in  twice  the  volurne  of  dry  p>Tidine,  and  to  the  cooled  (ice  water)  pyridine  solution  was 
slowly  added  (with  ene^-getic  shaking)  from  a  dropping  funnel  benzoyl  chlor.de  in  the  amount  of  3.3  g  (0.0235  mole),  and 
the  residue  in  the  funnel  washed  out  with  0.5  ml  d.ry  benzene.  The  reacuon  flask  was  fitted  with  an  air  condenser  and 
protected  in  the  usual  manner  against  access  of  atmosp^ieric  moisture.  Tne  mixture  was  heated  on  the  water  bath  for 
2  3  hours,  after  which  it  was  cooled  ana  the  formed  viscous  crysiallme  mass  was  diluted  with  dry  xylene.  Tlie  xylene- 
py'ndine  solution  vas  filtered  f'om  tne  pfecipiute  of  pyridine  hyd'ochlonde  a^d  evaporated  to  a  very  small  volume  in 
vacuum.  The  »esidije  was  diluted  with  d  y  xylene  the  solution  was  filte'ed  (if  r*ecessa:y)  and  again  evaporated  down 
in  vacuum  The  residue  was  dLssolved  in  benzene,  dried  over  BaOand  afic’  distillation  of  the  beraene,  distilled  in 
vacuum  The  yield  of  Taction  with  b  p.  210  212*  at  3.6  mm  was  •i.0-4.2  g  o:  69  72*^  of  the  tlieoretical.  This ‘is  a 
glycerol  like  colo’less  Usuid  solw-ble  in  aromatic  hyd.’oca’bons.  ethe?  and  all  pola.r  solvents,  but  poorly  soluble  m  water. 
W.nen  kept  in  an  open  vessel  for  seve'al  weeks  It  gradually  hydrolyzes  to  form  the  monobenzoaie  of  dihydroxyeihyi- 
glyclne 

0  1946  g  substance  0  4454  g  CO|.  0  109' g  H,C  0.1520  g  s<ibsia*ce  0  3486  g  CO,-  0  0842  g  H^a  0.3726  g 
s-  bstance  18.0  ml  N,  (24*.  7CC  mm).  0.3212  g  substance;  15.7  ml  Nf  (24“  763  m'm). 

Found  62  40.  62  58,  H  6.30,  6.20  N  5  59,  5.04  Calculated  C  02  66:  H  6.07;  N  6.62. 

Pic* ate  of  the  benzoate  of  n  hyg»oxyethylinO'pliolone.  P-epared  by  mixi'g  equirpola?  amounts  of  hot  benzene 
solutions  of  the  cstcf  and  picric  acid  Tiie  pic’^te  forms  bright-yellow,  elongated,  aclcular  p'isms  (from  glacial  acetic 
acid  ♦  acetone).  M  p  204  206'  (with  decomposition).  Soluble  in  water,  acetone  and  glacial  acetic  acid,  poorly  soluble 
In  methanol  and  ethanol.  Insoluble  in  r'onpolar  solvents. 


0  1054  g  substar,ce  0  16 52  g  ca  0360  g  H,0  0  n04  g  substance;  0  1918  c  CO  ,  P  g  KO. 

0.1390  g  substance;  14.6  mT\,  (724“  743  mm).  0.14'.«4  g  substance:  16.0  m»"N.i  (2o  .  7o8  .TTlr). 

Found  C  47.69.  47.  41,  Fi  3.82,  3.57  N  11.81,  ll.f'2.  Calculated  C  47.70,  H  3.79;  N  11.71. 


K^onobenzoate  of  dihydroxyethylglycine  2  5  g  distilled  hydroxyethylmorpnolone  benzoate  was  mixed  with  5  ml 
water  and  heated  on  the  water  bath  until  the  boundary  between  the  layerr  of  oO  and  water  had  disappeared,  the  residue 
•  He7^'s”(^eTdieVe"tn  tte  ie*t,  tlie  temperatures  have  been  corrected  for  the  exposed  s’em  of  the  thermometer. 
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was  dUuiod  with  water  (thia  earned  the  oil  to  reparatc  agalfl)  and  again  evapaated  on  the  wala  bath  until  a  thkk.  gei* 
atinous  mass  had  formed;  this  was  cooled  (ice  bath)  and  seeded;  after  a  few  hours  it  ayA^Uizod.  The  so-o»>uln«d  solid 
piodoct  was  pulverized,  treated  with  acetone  and  presiod  on  the  (ilia.  Yield  1.85-2.0  g  or  80  -86*?)  of  the  thwerlcal. 
After  recrystaUization  feora  methanol  or  etnanol  (prefaably  with  acetone)  the  substance  melted  at  12'?-12'?,6  (on  heat- 
liV  the  capillary,  starting  at  120^  and  formed  colorless  needles  (under  the  microscope).  It  Is  highly  soluble  in  wato, 
hot  methanol,  ethanol  and  glacial  acetic  acid;  moderately  soluble  in  cold  methanol  and  ethanol;  still  lest  soluble  in 
acetone.  Its  solubility  in  nonpolar  solvents  is  negllgtole.  No  matter  how  pure  was  the  initial  roonobenzoate  of  the  di¬ 
hydroxy  acid;  the  alcoholic  mother  liquors,  afta  their  crystalliza’jon,  alw^s  contained  the  benzoate  of  hydi oxy ethyl- 
mapholoue,  since,  after  evaperaUen  of  Uw  alcoliol  (in  the  air),  an  oU  remained  which  gave  a  plaate  wtth  an  nup. 
200-204*,  identical  with  hydroxyethylmwpholone  benzoate  plaate  (mixed  m.p.  202-205^ 

0.0782  g  subsunce:  0J680  g  CO^i  0.0448  g  H,a  0.1444  g  substance:  0.3085  g  C£^;  0.0854  g  I%a 

0.1692  g  substance:  8.0  ml  Nj  (24*,  750  mm).  0.2710  g  substance:  12.6  ml  N,  (23*.  761  mm).  Fonod 
C  58.63,  58.30;  H  6.41,  6.62;  N  5.36,  6.37.  CgHnCyi.  Calculated  <?):  C  58.41;  H  6.41;  N  5.24. 

Attempt  to  prepare  the  monobenzoate  of  dihydroxyethylftlycine  horn  dlhydioxyethylglycloe  and  benzoyl  chlalde. 

To  1.63  g  (0.01  mole)  dlhydioxyethylglycine  m  10  ml  dry  pyridine  was  added  diopwise  1.41  g  (0.01  mole)  benzoyl 
chloride.  The  amount  of  solid  dihydroxyethylglycine  appreciably  lessened.  The  mixture  was  heated  on  the  water  bath 
(In  a  flask  fitted  with  an  air  coodeiiset  and  a  calcium  chloride  tube)  for  3  hours,  after  which  it  was  cooled  and  the  pyr¬ 
idine  solution  was  poured  off  from  the  insoluble  paay,  resinous,  colorless  mass  which  remained  at  the  bottom  of  the  re¬ 
action  flask.  The  pyiidlne  solution  was  diluted  with  twice  the  volume  of  dry  xylene,  filtered  from  the  precipitate  of 
pjTidine  hydrochloride  and  evaporated  down  In  vacuum.  The  residue  afta  evaporation  was  diluted  with  xylsne  and  again 
evapesated.  The  resultant  thick,  crystalline  slumy  was  carefully  treated  with  cold  benzene  and  the  benzene  extract  was 
mixed  with  a  benzene  solution  of  plalc  acid,  A  precipitate  of  the  picrate  of  hydrozyethylmorpholone  with  m.p,  203- 
1  was  obtained  (mixed  m.p.  204-206^.  The  benzece^nsolable  cryitalllne  precipitate  of  berur^c  acid  was  reayital- 
lized  fxam  aqueous  alcohoL  M.p.  120*.  A  mixed  sample  with  benzoic  acid  n>elted  at  120-121*.  The  reslimus  mater¬ 
ial  remaining  in  the  flask  was  aeated  with  absolute  alcohol  to  give  a  white  aystalline  precipitate  with  m.p,  176-178*, 
weigh:  C.64  2.  After  lecrystallizaiich  from  80^  methanol  it  melted  at  186-189*.  A  mixture  with  dihy'^ro^.yethylgly- 
cir.e  melted  at  184-190*.  Consequently,  the  treatment  of  dibydroxyethylglycme  with  an  equimolar  amount  of  benzoyl 
chloride  resulted  la  formation  of  the  benzoate  of  hydroxyeihylmarpbolone.  Half  of  the  aiginal  benzoyl  chloride  was 
separated  by  addition  of  water  and  was  converted  into  benzole  acid.  Correspiondlngly,  one  half  of  the  original  dihy¬ 
droxyethylglycine  remained  unchained. 

Attempt  to  prepare  the  dibenzeate  of  dihydroxyetnylclvcme  from  dlhydroxyeihylglycine  and  benzoyl  chlcglde. 

The  reaction  was  perfermed  as  desaibed  abcse  except  that  tliC  molar  ratio  of  dihydroxy  aad  and  benzoyl  chloride  was 
2:1.  The  actual  quantities  were  0.82  g  (0.005  mole)  dihydxoxy  acid  arvi  l.-i2  g  (0.01  nolc)  benzoyl  chloride. 

Reaction  products  were  hydroxyethyLrocrpholcr.w*  benzoate  (identllled  as  the  picrate)  anc,  oenzolc  acid.  The  original 
cihydroxyethylglycme  could  no;  be  delected  in  the  reaction  mixture. 

DihydrcxyethylclvcLne  dlbenzoatc.  To  a  soLitlon  of  1,63  g  (0.01  mole)  dihydroxyethylglycine  in  5  ml  water 
was  added  (with  en^getlc  shaking  in  a  flask  with  a  ground-glass  stopper;  alternately  a  25*^  NaOH  solution  and  benzoyl 
chloride  ill  such  a  manner  tl,at  lliC  .medium  always  remained  alkallrx  to  pf  enolphthaleln  arai  not  too  much  unieacted 
benzoyl  chloride  accumulated,  prom  time  to  time  the  reaction  mixture  was  cooled  to  room  temperature.  In  this 
manner  a  total  cf  13,0  ml  2d^  NaOH  (0,061  mole)  and  6.05  g  (0.043  mole)  benzoyl  chloride  was  added.  After 
the  whole  cf  the  benzoyl  chloride  had  enterec  Into  reaction  (indicated  by  the  dliappcara.nce  of  the  oily  drops),  the 
P®*f®ctly  homogeneous  solution  was  carefully  acidified  with  10  N  hydtochloric  acid  until  weakly  acid  to  litmus  but 
na  yet  acid  to  Co.ngc.  The  snow-white  precipitate  was  filtered,  well  pressed  on  tb'^  filter  and  transfen ed  to  a  beaker 
where  it  was  Plticated  with  1-2  ml  ethanol  and  8-10  ml  e^her  fci  purification  from  benzoic  acid.  The  suspension 
was  filtered.  a.nd  the  ptecipitate  washed  with  e’h,eT.  Y:eui  1.30-1.36  g  or  70-73^  of  the  theoretical.  TP.e  s-Jssiancc 
crystallizes  fio.m  methanol  oi  ethanol  in  t.he  fam  oi  long,  soft  needles  resembling  asbestos  fiber;  m.p.  141.5-142.5*. 
Readily  soluble  in  acetone,  benzene,  chlocofam,  hot  methanol  and  ethanol;  lest  soluble  in  cold  water  and  ether. 

0.126S  g  substance:  0.30C'6  g  0.0680  g  HjO.  0.2032  g  substance:  0.4796  g  CO^i  0,1068  g  HgQ, 

C.312C'  g  substance:  10.5  ml  N|  (22*.  740  rorn).  0.6510  g  substance:  21,5  ml  Nj  (24*.  750  mm).  Found  °}ei 

C  64.69,  64.41;  H  6.00.  5.68;  N  3.79,  3,75.  Calculated  ‘Jc:  C  64.67;  H  6.70;  N  3.77. 

P^Hydroxy ethyLmor^^Icne  acetate.  4.35  g  (0.03  niole)  hydroxyeihylmorpholone  a  the  equivalent  amount  of 
lu  hydrochloride,  was  dissolved  in  2-3  limes  the  volume  of  dry  pynidme,  and  into  the  obtained  solution  was  gradually  run. 
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while  cooling  *nd  excluding  atn^ospherlc  moisture  (the  reaction  was  carried  out  In  a  flask  fitted  with  a  dropping 
funnel  and  an  air  condenser  with  a  calcium  chloride  tube),  1.5  g  (0.C1''  mole)  acetyl  chloride.  The  mixture  was  then 
left  at  room  temperature  for  30  40  minute:  and  the  reaction  completed  by  heating  for  an  hour  on  the  water  bath. 

The  so*obtained  darkled  (sometimes  browr  ish  7ellow)  pyiidiite  solution  was  cooled  and  formed  a  crystalline  slurry 
which  was  diluted  with  twice  the  volume  of  dry  xylene;  the  crystals  of  pyridine  hydrochloride  were  separated  by  filtra¬ 
tion.  The  filtrate  was  freed  from  pyridine  by  evaporation  in  vacuum;  the  residue  from  the  evaporation  was  diluted 
with  .xylene  and  the  precipitate  was  filtered  off.  The  xylene  was  then  distilled  off  in  vacuum  and  the  residue  distilled 
at  5  mm  to  give  a  fraction  at  165  171*.  vie  id  2. 0-2.1  g  or  63^  of  the  theoretical.  Properties:  colorless  liquid,  boUing 
at  167-168*  (5  mm  residual  pressiare),  readily  soluble  In  water  and  all  other  common  solvents  except  gasoline,  carbon 
tetrachloride  and  ether. 

0.1816  g  subsurce:  0.3428  g  CC\;  0.1163  g  HgO.  0.1488  g  substanre:  0.2804  gCC^;  0.0944  g  HgO.  0.2954  g 
subs’ance;  18.8  ml  N,  (23*.  772  mm).  0.3258  g  substance:  21.1  ml  (24*,  775  ram). 

Found  C  51.51,  51  42,  H  7.17,  7,1C,  N  7  46.  T.SS.CjH^O^N.  Calculated  ‘5»:  C  51.33,  H  7.00;  N  7.48. 

N-Hydroxyethylmorpholone  acetate  plcraie.  Prepared  by  mixing  an  alcoholic  solution  of  the  base  with  a  hot 
concentrated  benzene  solution  of  the  equivalent  amount  of  picric  acid.  The  oil  formed  crystallized  rapidly.  Yellow 
prisms  (from  acetone me»ha.tol),  spa*ing..y  soluble  in  common  solvents  excepting  glacial  acetic  acid  and  acetone.  M.p. 
167-168*. 

0.1778  g  substance  0.2639  g  CO,  0.0624  g  H^O.  0.2212  g  sjbsur,ce: 0.3298  g  CO^;  0.0788  g  H,0.  0.1266  g 
substarc^  :  15.2  ml  Nj  (24*.  755  mm).  0.1607  g  substance:  19.4  ml  Nj  (24*,  750  mm). 

Found  C  40.60,  40  69.  .H  3.93,  3  99.  .N  13.71.  13.69,  Calculated  C  40.39;  H  3.88;  N  13.46. 

Picrolonaie  of  N-hydroxyethylmorphoIone  acetate  Prci^arcd  by  mixing  hot  concentrated  solutions  in  absolute 
alcohol  of  hydioxyethylmorpholone  acetate  and  pic’^olonic  acid  (equlmolecular  amounts).  The  strbstance  forms  long 
yellow  prisms  (from  glacial  acetic  acid/  m.p  (with  decomp.)  186-187.5*.  Solubility  like  that  of  the  picrate. 

0.1556  g  substance:  0  2761  g  CO,,  0  0666  g  H^^O,  0  1500  g  Substance:  0.2645  g  CO^:  0.C637  g  F^O. 

0.0934  g  subsunce;  12.8  ml  v  (24'",  760  mm)  0.1547  g  subsunce:  20.7  ml  Nj  (24*,  773  mm).  Found 
C  48.29.  48.13,  M  4.79,  4  75  n  15.75  15.64  Calculated  C  47.89;  H  4.69;  N  15.53. 

Monoacetate  of  N  N  dihyd’oxyethylglycine  2  g  S-hydroxyetbylmorpnolone  acetate  was  dissolved  in  10-15 
ml  water  and  the  solutunn  was  evaporated  on  tne  water  bath  to  a  thick,  yellowish  syTup.  Evapwation  was  then  con¬ 
tinued  in  vacuum  (at  the  tempe-atute  of  the  boiling  water  bath)  and  tlie  resultant  resinous  mass  was  kept  in  a  vacuum 
desiccator  over  KOH  until  it  solidified. 

The  solid,  arnorpho'js  product  was  reduced  to  powder,  treated  with  4-5  ml  boiling  acetone,  filtered  from  mother 
liquor,  dried  and  teerystallized  from  metha'-ol-acetone.  M,p.  Iu2.5  164*.  Very  soluble  in  water,  lower  alcohols  and 
glacial  acetic  acid;  poorly  soluble  1'.  acetone  and  ether 

0  1550  g  substance  0  2CC0  g  CO,.  0  1030  g  H»0.  C  T7 40  g  substance:  0.2986  g  CO^.  0. g  H,0.  0.2630 
g  substance:  16.3  ml  \  (2  i*.  75-1  mm)  0.2248  g  substance-  13  5  .ml  (24*.  760  mm).  Found  C  46  83.  4C.6.S; 

H  7.44,  7.46;  N  7  07.  6.90  Calculated  C.  46  82,  H  7  37.  N  6.83. 

Partial  diphenyl  acetate  of  dihyroxyeihylglyc  me.  1  9  g  freslily  distilled  hydroxyethylmorpholone  (0.0105 
mole)  was  placed  in  a  small  fiasl<  fined  with  an  air  condense'-  and  a  calcium  chloride  lube,  7  ml  dry  pyridine  was 
added  to  the  flask,  into  the  ’esiltant  solution  was  int'Oduced  in  small  ponions  with  vigorous  snaking,  crystalline  di- 
pheny.lacciyl  chloride  in  quanti'y  of  2  42  g  (0  0105  mole).  The  last  portions  of  acid  chloride  dissolved  with  much 
difficulty  Ln  tlte  reaction  inixtu'c  a*d  gentle  heating  was  then  necessary  Afte'  the  whole  of  the  acid  chloride  had 
been  added,  the  mixture  was  heated  on  the  boiling  water  bath  for  3  hou.rs.  then  cooled,  diluted  with  12-15  ml  dry 
xylene,  and  the  precipitated  pyridi.^e  hyd’-iKtilo'ide  filtc'ed  off.  The  filtrate  was  evaporated  in  vacuum  (to  get  rid 
of  pyridine)  and  the  residue  was  again  diluted  with  7-10  ml  d'y  xylene  The  xylene  solution  was  separated  from  tl»c 
small  precipitate,  stood  ove’night  with  FaO  (for  dccolo’ization)  and  then  fUre'ed  The  solvent  was  distilled  off  in 
vacuum  The  residual  diphtCiiylacetate  of  hydroxyethylmorpholone  was  a  thick  oily  liquid  with  a  brownisn  orA.ngp 
color.  U  could  riot  be  purified  by  d-stillaiion  since  it  did  not  distill  at  3  m  m  »csid'jal  p’^essu.’^ 

For  conversion  into  the  diphcnylacetate  of  dihydroxyethylgjycine  the  unpurified  diphenylacetate  ofhydroxy- 
eihylmorpliolone  was  mixed  with  5-0  ml  water,  and  the  unstable  emulsion  was  heated  on  the  water  bath  for  5  Iioura, 
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the  volume  of  heated  liquid  beii«  kept  consunt  by  addition  of  water  to  make  up  for  the  lo»  by  evaporation.  The 
liquid  was  later  cooled  to  room  temperature  and  after  addition  of  a  seed  of  crystalline  diphenylacetate  of  dlhy 
droxyethylElyclne  It  was  left  for  a  few  hours  to  crystallize.  The  resulunt  crystal  slurry  was  diluted  with  a  very 
small  amount  of  water  and  uansierred  to  a  filter  on  which  It  was  expressed  under  vacuum,  twice  washed  with  a 
jljcje  ice  water  and  again  piessed.  The  moist  cake  wa?  dried  on  filter  paper  and  then  transferred  to  a  vacuum 
desiccator  containing  calcium  chloride  in  which  it  was  brought  to  the  air<dry  sute.  Yield  3.16  g  or  86^  of  die 
theoretical.  Alter  recrystallization  from  chlorofotm-ethct  the  substance  melted  at  82*84  •  and  was  in  the  form 
of  long,  soft  needles  (under  the  microscope),  easily  soluble  in  the  majority  of  organic  solvents,  poorly  soluble  la 
water,  ether  and  gasoline. 

0.1290  g  subsunce.  0  3174  g  CO^;  0.0768  g  H|0.  0  1105  g  subsunce:  0.2721  g  CC^.  0.0646  g  H|0. 

0  4118  g  subsunce:  13.4  ml  N,  (21*,  744  mm).  0  5112  g  subsunce:  16.6  ml  N|  (21*.  739  mm).  Found 
C  67  14,  67.20:  H  6.66,  6.54,  N  3.70,  3.67.  C„1^,C\N.  Calculated  C  67.21=  H  6.49,  N  3.92. 

N-Hydtoxyethylmorpho!one  diphenylaceute.  As  suted  above,  the  diphenyl  ace  ute  of  hydroxycthylmor- 
pholone  synthesized  fiom  hydroxyethylinorpbolone  and  diphenylacetyl  chloride  could  not  be  purified  by  distil*- 
laiion.  The  jiure  compound  was  therefore  t«epared  by  dehydration  of  dihydroxyethylglycine  diphenylacetate,  the 
reaction  proceeding  quantitatively  and  in  mild  conditions.  The  weighed  amount  of  the  initial  ester  of  dihydtoxy- 
ethylglycine  was  placed  in  a  thick-walled  tea  tube  which  was  then  connected  to  a  vacuum  through  a  rubber  stopper 
and  a  leading  tube.  It  was  heated  at  a  residual  pressure  of  10-15  mm  on  a  water  bath  kept  at  a  temperature  of 
85-95*.  Heating  was  continued  until  tlie  ten  tube  aud  contents  had  a  consunt  weight;  this  required  ij*  *  2  boius;. 
The  diphenylaceute  of  hydroxyeihylglycuie  was  obtained  in  quantitative  yield  Ln  the  foim  of  a  transparent,  very 
VISCOUS  liquid  with  a  tinge  of  yellow,  soluble  in  all  the  commop  organic  solvents  (except  saoiiated  hydrocarbons) 
and  sparingly  soluble  in  water.  The  aqueous  solution  was  neucal  to  litmus^ 

0.5141.  C.C755  g  dihydroxyethylglycine  diphenylaceute:  loss  in  weight  after  heating  in  vacuum  0  0251, 
0.0338  g.  Found  loss  in  weight  4.88  ,  5.00.  Calculated  loss  in  weight  5.04.  Reaction  equation 
-  H|0  =  C„HnQ.N. 

Plcrolonate  of  .\-hyd.roxvethyImoTpholone  dr  phenyl  acetate.  Prepared  by  mixing  a  benzene  solution  of  the 
diphenylaceute  with  a  olut.onof  picrolonic  acid  in  absolute  alcohol.  The  oil  that  separated  gradually  crystal¬ 
lized  The  picrolonate  form.'  a  yellow  crystalline  powcer  with  m.p.  135-138*.  Soluble  in  methanol  and  ethanol. 

On  coolmg  the  alcoholic  solutions,  it  separated  as  an  o.l  which  resisted  all  attempts  at  crystaliizaticp.  It  was  not 
subjected  to  elerowntary  a.'ialysis  because  it  could  not  be  obumed  pure, 

SUMMARY 

1.  For  the  first  rime  the  acetate,  benzoate  and  diphenylacetate  of  N-(S-liydroxyethyl)*inoTpholone*2,  their 
picrates  and  p.c'olo.nates  have  been  synthesized  and  their  properties  have  been  studied. 

2.  For  the  fust  time  by  hydrolysis  of  esters  of  hydroxyethylmorpbolor.e,  the  corresfrond.ng  monoesieis  of 
d.hydrcxNetby.glyc me  liave  been  pre,’^red.  these  could  not  be  obtained  directly  from  dihydroxyethylglycine  and 
the  acid  chlur.des 

3.  Ori  the  basis  of  a  com,na!ison  of  tlie  pro,nerT,es  of  hydroxyethylmorpholone  and  iis  esters  it  :s  suggested 
thia.  a  recipr&ca,  relation  exiss  between  the  stability  and  the  basicity  of  jnorpholone  derivatives  The  greater 
tlie  basicity  of  a  nioipiiolone  der.vative  the  more  easily  does  opening  of  the  morpholone  ring  take  place  and  the 
less  easily-  :s  it  formed 

1  lie  dibenzcaie  of  d.'hydroxyethylglycine  ha*  been  sj'nthesized  for  the  first  t.mc. 
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•  It  melts  slowly  and  therefore  does  not  possess  a  siiarp  melting  point. 
••  See  Consulunts  Bu'eau  English  translation,  page  62  1. 
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SYNTHESIS  AND  TRANSFORMATIONS  OF  SOME  DERIVATIVES 
OP  N,  N>DI-(a-HYDROXYETHYL)>GLTCINE 

UL  SYNTHESIS  OF  4-MORPHOLINEACEtlC  ACID 

A.  L.  Remlzov  and  N.  V.  iChromov 


In  oar  preceding  communication  pl  it  was  indicated  that  the  hydrochloride  of  N.N-dl-^fl^tydroxyethyl)” 
glycine  undergpes  dehydration  when  heated  in  vacuum,  and  that  this  reaction  would  be  expected  to  yield  two  l*o» 
meric  compounds  (in  the  fbrni  of  hydrochlorides):  N-hyd!Oxyethylm<wpholone-2  and  4-mOTpholine'*cetic  acid. 

Since  the  hydroc  hlorides  of  these  two  compounds  have  '  Ot  been  descubed  in  the  literature  and  attempts 
to  prepare  the  salt  of  the  fl’st  coinpou^d  hom  the  free  base  were  unsuccessful,  it  was  proposed  to  synthesize  mar* 
pholine-^-acetic  acid  with  the  aim  of  establishing  the  structiire  of  our  product  of  dehydration  of  the  hydrochloride 
of  dihydroxyediylglycine 

Although  neither  free  mo^pnoline acetic  acid  '■«or  its  hydrochloride,  have  been  described  In  the  literature, 
a  series  of  other  derivatives  (Including  the  potassium  salt)  was  already  known  p).  The  described  method  of 
preparation  of  these  compoun<i$  i5  not  simple  li  is  based  on  the  reaction  between  4,4'-dimorpholylmethaiie 
(product  of  condensation  of  morpnoline  with  foimaldehyde)  and  K.CN.  This  reaction  gi'..sone  molecule  of  4- 
morpholine-acetonit'lle  and  one  molecule  of  morpholine; 

CHj-CH,  Cl^-CH. 

OC  ^ +KCN  ♦  H,0— ►Cyf  ^N-CH,CN  ♦  oC  ♦  KOH 

Our  own  synthesis  of  4  jT*o:ph.oli''e-acetic  acid  coriisiaed  in  conderrsatio,.  '  morpholine  with  monoc’  loro- 
acetic  acid  (as  sodium  salt)  according  to  the  usual  rcactioru 

Morpholine  was  obtained  by  dehydrating  diethanolamine  in  concentrated  sulfuric  acid  as  described  by 
Mcdard  [3] 

The  synthesued  nxitpholineacetic  acid  proved  to  be  so  hycroscopic  and  uncrynallizable  that  it  was  im¬ 
possible  to  obia:n  pu't.  It  was  ifansfoimed  Into  the  bar;i,i;!  sair  a  the  hydrochloride.  Of  these  salts,  only  the 
secor*d  possessed  adequate  stability  uod  c^r stall Izrg  ability  i:  v>as  analyzed. 

An  i-te:esting  characteristic  of  mo’priolineaceii '  acid  is  its  ability  to  ferm  two  picrates:  one  of  these 
is  formed  from  equiiiioler  amou^'ts  of  compionLn:?  and  the  the'  from  1  mole  picric  acid  and  two  moles  mor- 
pholLncacetic  acid  The  secor-d  p'craic  (we  may  ca.l  it  ’se.nipictate")  is  very  much  more  stable  than  the  first, 
which  i'  appreciabh'  dissoc.aied  uilotioni  lo  form  Uic  ’semipicraie’  and  free  picric  acid.  This  mode  of  dis¬ 
sociation  is  particularly  co"'picoous  when  the  normal  pic^ate  is  dis'oi.eci  in  alcohol,  the  *semlplcrate**  is  very 
sparinpjy  soluble  In  alcohol  and  co.m'.s  down  from  alcoholic  solution.*  of  the  normal  picrate  in  the  form  of  a 
precipitate  This  dissociat.on  of  mo'phoiineacttic  acid  picrate  is  levcnible  and  only  proceeds  up  to  a  ccuin 
limit  Hence.,  the  precipitated  ’'scinipicrate *  can  aga.n  be  transformed  into  nonnal  picrate  by  adding  a  small 
amount  of  excess  piaic  acid.  This  explains  why  the  normal  picrate  can  be  prepared  in  the  pa^e  form  only  by 
recrystallization  in  presence  of  a  sniali  amount  of  excess  picric  acid. 

If  we  assume  that  ifie  normal  pic'ate  of  inorpnol.ncacctic  acid  also  functions  as  a  base,  then  the  "seml- 
picrate"  may  be  regarded  as  a  salt  of  the  no.Miial  picrate  (furKtioning  as  an  acid)  with  morpholineaceiic  acid 
(functioning  as  a  baas)  The  siyiciiof  stability  of  the  ’’semipicraie'  and  the  very  fact  of  its  lormatlon  Indicate 
that  the  free  carboxyl  group  of  the  normal  picrate  pos.sesses  more  pronounced  acidic  p.-opetlies  than  the  car- 
boxyl  group  of  morplrolineacetic  acid  Considering  the  problem  from  this  startdjxjini.  wc  may  'each  the  con¬ 
clusion  that  the  normal  picrate  approaches  picric  ac*d  .n  its  ac  idic  properties.  Actually,  on  reacimig  two  mole¬ 
cules  of  the  noimal  picrate  one  of  them  (playing  the  part  of  acid)  displaces  picric  acid  from  the  other  (acting 
is  salt).  Ln  this  way  we  can  account  fo*  the  ability  of  morpholineaceiic  acid  picrate  to  dissociate  in  solutions, 
as  expressed  by  the  scheme; 
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20(C^H^=N-CHC00H-  •^C4H,(NC^/)H  ♦  C*H,(Nq|)/3*  0(C|H4)s-N-CH,COO-  0(C.H4}|  ^“CIVCOOR 

i  H  H 

In  the  course  of  investigation  of  the  piopcrtici  of  n)orphoiine*cetlc  acid,  the  dissociation  constants  were  determined 
by  potentiomettic  titration  of  its  hydrochloride.  The  apparent  acidic  ionization  consunt  at  19  was  equal  to  10  ,  the  basic 

consunt  was  10“**-^;  the  conesponding  Bjerrum  values  are  lO"*"^  and  10 

EXPERIMENTAL 

Barium  salt  of  -l-morpholine-acetic  acid.  8.5  g  (0.09  g-moie)  monochloroaceilc  acid  wa»  dissolved  it?  10  ml  water 
and  carefully  neutralized  (with  cooling)  with  a  solution  of  3.C  g  (0.09  g-mole)  NaOH  in  10  ml  water.  To  the  solution  of 
sod.'jm  monochloroacetate  (weakly  alkaline  to  litmus  and  neatly  neutral  toBtilliant  yellow  paper)  was  added  diopwlie, 
witn  moderate  cooling,  7.85  g  (0.09  g-mo!e)  morpholine,  afiei  which  the  reaction  mixture  was  stood  at  room  temperature 
fo:  20  minutes  and  finally  heated  to  the  boil  to  complete  the  reaction.  Ahe?  boiling  fot  20  mlriutes,  the  medium  had  ac- 
Qiiited  a  neutral  reactkrn  (prior  to  this  it  wes  strongly  alkaline  to  BtUliart 'fellow  papei).  The  (amt -yellow  solution  was 
evaporated  on  the  water  bath  to  a  very  thick  syrup  (funher  evapuatlon  had  no  effect  on  the  conslsier^y)  which  was  then 
treated  with  75  ml  absolute  alcohol.  The  precipitated  sodium  chloride  was  filtered  off.  the  filttate  was  evaporated  in 
vacuum  and  the  residual  gelatinous  mass  was  mixed  with  a  hot  solution  of  25  g  barium  hydrate  in  70  ml  water.  The 
water  was  distilled  off  in  vacuum,  the  distillate  being  collected  in  a  receiver  immersed  in  a  freezing  rriixture.  To  the 
d^'  ’esidue  m  the  distillation  flask  was  added  another  80  ml  water  and  the  distillatron  repeated.  The  same  operation 
was  repeated  once  more.  In  all,  three  distillates  weie  collected  They  all  had  an  alkali*>e  reaction  since  they  con¬ 
tained  rhe  morpholine  which  had  been  present  in  tl»e  reaction  mass  m  the  form  of  its  salt  with  glycolic  acid  fotmed  by 
the  secondary  reaction  of  hydrolysis  of  monochioioacetic  acid.  The  motpholine  content  of  the  three  alkaline  distillates 
was  determined  by  titration  with  acid. 

The  first  distillate  required  1.7  ml  2  N  HCl  or  0.0034  g-mole.  the  second  required  22.0  ml  0.1  N  HCl  ot  0.0022 
g-mole.  the  third  required  o.?.  ml  0  1  N  HCi  or  0.0005  g-mole.  Total  0.000  g-mole,  conesponding  to  0  770  or  0.09  g- 
mole  of  the  original  morpholine.  Consequently  the  leact.on  had  proceeded  in  the  desired  direction  to  the  exteru  of  937) 

The  white  cry'stalline  mass  re.maining  after  distillation  of  the  watei  and  Lhe  motpholiiie  wa*  stirred  with  150  ml 
hot  water  and  the  excess  batium  hydrate  was  precipitated  b>  a  current  of  carbon  d. oxide  (until  disappea.rar\ce  of  the  al¬ 
kaline  reaction  to  thiazole  blue  papci)  The  solui.on  of  barium  salt  of  morf^bolineaceiic  acid  was  filtered  off  fiom  the 
ba.rii.n<  carbonate  and  evapotated  to  oryniess.  tne  dry  residue  was  treated  with  a  small  quantity  of  boih»»g  absolute  ilcohol 
After  filtration  from  the  alcoholic  mother  liquor  the  precipitate  was  washed  on  the  fiTer  with  a  little  absolute  alcohol, 
then  w.th  ether,  and  dried  in  a  vacuum-desiccator  over  caustic  alkali.  Yield  19.1  g  The  barium  salt  was  a  snow-white 
crystalline  psowder.  very  soluble  in  wa*.er  (the  aqueous  solutions  were  alkaline  to  phenolphthalein).  met.hanol  and  glacial 
acetic  acid,  spar  jigly  soluble  in  et.hanol  (especially  absolute)  and  almc'St  ..r.^iohible  in  otfiet  organic  sol  vents.  In  the  air 
it  rapidly  took  up  carbon  dioxide  and  increased  in  weight.  It  ccxjld  not  be  purified  by  c'ystallizauori 

4 -BV>rp^iOiiP.e -acetic  acid  14  95  p  unruxificd  bar.um  salt  of  morpholireacetic  acid  wa  dissolved  in  .50  ml  watc' 
arid  the  barium  qu’.ntiiatively  precipitated  as  BaSO^  with  2M  sulfutic  acid  (test  on  filter  pape»  wiUi  stxliunt  rhodizorate; 

The  solution  was  separated  from  the  precipuate  by  centrifuging  ar>d  evaporated  to  dryness  fusr  op  the  wate*  bath  a-  d 
finally  in  a  vacuum -desiccator  over  sulfuric  acid  Tne  slightly  rrois.t  cry  lal  mass  was  twice  t'eated  with  dry  acetorie 
a^yj  then  several  trnies  with  absolute  ether  (for  removal  of  gljcolic  acid)  This  t'eatment  converted  it  into  a  dry  c?>slal- 
line  powder  The  crystalline  morphol.ne acetic  acid  prepared  ir,  this  manner  proved  to  be  exceptionally  hygroscopic 
It  was  very  soluble  in  metfianol,  ethanol  and  glacial  acetic  acid  much  le»s  soluble  m  acetone,  and  quite  insoluble  in 
ether  It  was  x.ti possible  to  purify  it  and  determi.ne  its  melting  poinl.  Yield  8.0  g 

•t-Ktorphohne-acdtic  acid  hydrochloride.  4  o  g  crysiallaie  morpfiohrK'aceiic  and  was  mixed  with  4  ml  chemi¬ 
cally  pure  hvdiochiOriC  acid  (s  g  1  19)  and  tfie  mixture  evapotated  to  dryness  on  tt»e  water  bath  the  resultant  crystal 
line  powder  was  dried  in  a  vacuum-desiccator  over  so.id  KOh  Yieid  quantiiauve 

After  recrystallization  from  a  mixture  of  absolute  alcohol  and  dry  benzene,  the  compo<ind  melted  at  lCfr-l7T 
(With  frothing),  good  solubility  in  methanol,  ethanol  and  glacial  acetic  acid,  poor  in  acetone,  etiic'  and  hvdtoca’bons. 

Under  the  niicioscoix:  it  had  lf»e  form  of  regular  rectangular  plaiex 

0  2-i29  g  substance.  !•  7  rr.l  Nj  (27*  7.53  mm)  v-  2.580  g  subsUnce-  17  2  ml  N,  (20*.  753  mm)  0  3030  g 

sub.iance  0  2386  g  AgCl  O  2210  g  substance  0  1730  g  AgCl  Found  7)  N  7  75.  7.08  01  19  48  19  36. 

C<lHj,0,NC1  Calculated  7>  N  7.71.  Cl  19  53 
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4  Morpholine  zcetlc  irid  plcrate  of  the  composition  0|;C,lL>.NCH8COOH- C^mNCMiOH.  0.75  g  (0.0052 
g-moie)  mt^phoJine acetic  add  wai  dissolved  in  3  ml  absolute  alcohol.  A  solution  of  1.17  g  picric  acid  (O.OOSl 
g-mole)  In  3  ml  benzene  was  pteptated  separately.  The  solutions  were  mixed.  After  a  short  period  the  crystalline 
picrate  started  to  come  down  slowly.  The  ptecipitate  was  filtered,  washed  on  the  filter  with  benzene  and  ethez. 
Yield  1.52  g  or  80^  of  the  theoretical.  The  substarice  was  rccrystallized  from  alcohol  to  which  a  little  picric 
acid  had  been  addtu.  It  formed  bright-yellow,  long  hexagonal  prisms  (under  the  microscope),  very  soluble  in 
methanol,  ethanol  and  glacial  acetic  acid  and  not  quite  so  soluble  in  water  and  acetone,  Mp.  141-142*. 

Without  the  addition  of  pic’^ic  acid  it  is  impossible  to  completely  dissolve  the  compound  in  alcohol  be¬ 
cause  it  decomposes  with  cleavage  of  ftee  picnic  acid  and  is  tiansformed  into  the  other  picrate  richer  In  mor- 
pholineacetlc  acid  and  difficultly  soluble  in  alcohol.  The  excess  picric  acid  present  during  the  recrystallization 
of  the  picrate  thus  functions  as  an  Inhibitor  of  dissociation  of  that  picrate. 

0.2579  g  subsunce.  0  3642  g  C(\.  0.0870  g  H,0.  0.2372  g  subsunce:  0.3352  g  CC\:  0.0804  g  H^O. 

0.1198  g  substance:  16.2  ml  N,  (26*,  753  mm).  0.1279  g  substance.  17.0  ml  (26*,  756  mm). 

Found  °lo\  C  38.54,  38  56-  H  3.77,  3.79,  N  15.29.  15.19.  CaHi40i,K4.  Calculated ‘jb:  C  38.50; 

H  3.77;  N  14.97. 


4-Morpholine-acetic  acid  picrate  of  the  composition  rO(C,Kt),NCH,COOH\- CJVN(\lapa  0.75  g 
(0,0052  g-mole)  morpholineacetic  acid  was  dissolved  in  the  minimum  amount  of  a  mixture  (1:1)  of  acetone 
and  glacial  acetic  acid  A  solutior  of  0.58  g  (0.00253  g-mole)  picric  acid  in  3  ml  benzene  was  separately  pre¬ 
pared.  The  solutions  were  mixed  hot  A  copious  crystalline  precipitate  came  down  on  cooling  and  was  filtered 
and  washed  with  alcohol  and  ether.  Yield  11  g  or  SS.O^o  of  the  theoretical.  After  treatment  with  alcohol  fol¬ 
lowed  by  :ecrystailizatlon  from  a  irixture  of  glacial  acetic  acid  and  benzene  m  absolute  alcohol,  the  compound 
melted  at  170-171*.  It  formed  a  pale  yellow  crystalline  powder  (slender,  long  needles  uiuier  the  microscope), 
readily  soluble  rn  glacial  acetic  acid  and  spari-ngly  soluble  in  alcohol 

0.1570  g  subsiance:  0.2414  g  CO,;  0.C70S  g  HjO.  0  2230  g  subsunce:  0,3476  g  CO^;  C.1032  g  HjO. 

0.1205  g  substance.  14  35  ml  N,  (20*.  744  nim).  0,1268  g  substance.  15.2  ml  Nj  (21*,  739  ram). 

Found  ‘^to.  C  41  96.  41  61;  H  5.05.  5  06.  N  13  58  13  63  Calculated  C  41.62: 

H  4  85:  N  13  49. 


DetetrriLnatio^  of  the  ioniz-?tio>^  cor»5tants  of  4-i»Q"p]tol:ne- acetic  acid  Tlie  acidic  arid  basic  constants 
were  determined  from  the  pH  values  at  the  half-equivalent  poirus  in  titration  of  the  hydrochloride  of  the  acid 
wiih  0.1  N  NaOH  solution  The  necessa.*^y  potent iOiiietxic  measurements  were  performed  with  the  help  of  a  lamp 
potentiometer  (syste.T)  GIPKh)  with  a  glass  Ciectrode  and  a  saturated  calomel  half-element  as  the  standard  poicn- 
iLal  electrode. 

0  1S15  g  (C  001  g-mole)  morpholineaceric  acid  was  dissolved  in  70  ml  di'ti’led  water,  into  the  solution 
WAS  run  n  00  ml  0  1  N  .NaOH  In  this  way  oiK-t*aIf  of  the  hydrochloric  acid  entering  into  the  composition  of  the 
hvdtocblonde  of  the  amino  acid  was  reufalizcd,  which  coi'csponded  to  the  point  of  half  eQUivalertce  of  the 
amino  gioup  The  pH  of  the  solution  at  this  stage  was  2  4  at  a  tempe»atuje  of  19*.  Since  the  ionic  product  of 
water  at  this  temperatiue  is  10  ^  V  tnen  the  apparent  basic  ionization  con.sunt  of  Pmorpholine  acetic  acid  is 

,  ,  -  U.  T 

1  u  . 

For  the  determination  of  the  pH  at  the  half  equivalent  pci»’t  ip  '■especi  to  tlie  carboxyl  group,  addition 
was  made  to  the  test  solution  .'f  a  further  10  u  ml  0  1  '  aOH  Tliis  brought  the  pH  to  7.7  and,  consequently, 
tiie  apparent  acidic  Ionization  cor>.sta’'t  of  4-no!;liol'iie'acetic  acid  is  10  at  19*. 


On  the  basis  of  the  data  obtat^ed  by  the  above  method  the  true  ionization  cu^sunts  of  morpholineacetic 
acid  were  calculated  by  the  usual  metl  od  (Pjer^um)  and  found  to  be  10  ’•*  ror  the  «>cid  constant  and  10  for 


the  base  cousunt 


SL  MMA  RY 

1  Free  4  n’orpholir.c  acetic  acid  and  its  hydrochloride  were  synih»esizcd  and  described  for  the  first  lime. 

2  The  constants  of  elect'Olyic  dissociation  of  ■;  moipholine  acetic  acid  were  determined. 

3  It  was  found  that  4-morpholine -acetic  acid  forms  two  picraies  with  different  picric  acid  contents  (1 
mole  and  mole  pic’ic  acid  per  mole  of  morpholineacetic  acid). 

•GIPKh  =  Stale  Institute  of  Applied  Chcmisirw  Publisher. 
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ORGANIC  ISOCYANATES 


U.  TRANSFORMATION  OF  ISOCYANATES  OF  THE  NAPHTHALENE  SERIES 
MY  THE  ACTION  OF  ALUMINUM  CHLORIDE 

N.  S.  Dokunlkhla  And  I.  D.  PletnevA 

We  previously  repotted  [1]  that  1 -naphthyl isocyanate  is  convened  by  fused  aluminum  chloride  into  the  lactam 
of  1,8-aminonaphthoic  acid  ^phtbostyril).  in  view  of  the  fact  that  isocyanates  of  the  benzene  series  in  these  condi¬ 
tions  form  derivatives  of  dioxoteirahydroqu inazoline  {2],  from  which  salts  of  O'aminocarbcxyllc  acidsmay  be  obtained 
by  heating  with  caustic  alkali,  the  entry  of  the  isocyanate  group  into  the  8-po$ition  of  the  luphthalene  nucleus  Is  un¬ 
expected.  These  facts  make  an  investigation  of  the  directive  influence  of  the  isocyanate  group  of  interest.  The  latter 
g’oup  may  be  regarded  as  an  amino  group  with  both  the  hydrogen  atoms  substituted  by  acyl  radicals.  The  literature 
does  not  throw  any  light  upon  the  characteristics  of  the  directive  effects  of  either  isocyanates  or  diacylamino  deriva¬ 
tive  t 

In  the  majority  of  cases  the  introduction  of  a  fresh  substit«jent  into  diacyl  derivatives  obtained  with  participa¬ 
tion  of  monocarboxyl Ic  acids  gives  rise  to  monoacyl  derivatives.  Thus,  for  Instance,  on  nitration  of  diaceunilide  the 
product  is  4-nlt:o-l*acetanillde  pi  Ir  is  difficult  to  esublish  whether  cleavage  of  the  second  acyl  residue  precedes  the 
imroduciioa  of  the  fresh  substituent  or  whether  the  moiioacylated  product  is  formed  in  cw-sequence  of  decomposition 
of  the  substituted  compound.  In  this  connection  more  information  can  be  obtained  from  data  relating  to  cyclic  aryl 
imldes  of  dicarboxylic  acids  This  g’Oopi'g  remains  unchanged  during  the  majority  of  aibstitutions  of  the  aro.matic 
nucleus  Thus,  for  example,  by  nitraiior  of  diacyUnilides  we  obtain  p-  a.nd  o-l$omers,  just  as  for  monosubstituted 
derivatives  [4}  Nitration  of  phthaloylnapbthylamines  gives  up  to  1,8'isomer.  up  to  23^  1,5-isomer  and  only  5^ 
1,4- isomer  [5} 

A  similar  orientation  of  sjbstitue'rts  is  observed  with  halo  derivatives  which  combine  o-,  p-orieiuation  with  de¬ 
activation  of  the  aromatic  nucleus,  which  In  tne  case  of  aapnthalene  results  in  substituti  on  in  :he  second  ring. 

It  IS  interesting  to  follow  the  o’lenting  influence  of  mono* and  diacyl  derivatives  h  two  more  examples.  Fus¬ 
ion  of  aluminum  chloride  with  1 -raphthyloxamyl  chloride  gives  l,2-naphthois3tin  [7];  in  utese  condition^  the  N-sulfa- 
.mldc  derivative  of  the  same  acid  rhlo'ide  is  converted  into  compound  (fV)  [81 


NH-CO-CO-CI  NH-CO  Cl -CO-CO 


(IV) 

Formation  of  oaphiiioayiiJs  was  inveaigaied  with  reference  to  l-naphthylisccyanate,  4xhloro-l-naphth>liso- 
cyanate  and  2-methyl- l-naphthylisocyanate. 

. « 
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EXPERIMENTAL 

l^phthylliocyAnate  was  prepared  by  the  acUon  of  carbonyl  chloride  on  a  suspension  of  1-iuphthylamlne 
hydrochloride  in  trichlocobenzene  at  170-180*.  b,p.  268-270*  (269-270  fOJ). 

Naphthostyrll.  3.20  g  1 -naphthyl isocyanate  Is  Introduced  Into  a  mixture,  heated  to  155-160*.  of  25.8  g 
anhydrous  aluminum  chloride  and  6.2  g  sodium  chloride  and  stirred  for  5  minutes.  The  reaction  mass  Is  poured 
onto  ice  water  and  the  precipitate  filtered  off.  One  half  of  tlie  precipitate  is  heated  3  hours  with  50  ml  40^  KOH 
and  again  filtered.  The  precipitate  is  washed  free  from  alkali.  The  filtrate  and  the  wadi  liquors  are  acidified 
with  hydrochloric  acid  and  boiled.  A  yellow  precipitate  Is  formed.  Weight  0.45  g.  m.p.  176-179*.  From  ethyl 
alcohol  it  forms  prisms  with  m.p  180.4-181.4*.  A  mixture  with  the  naphthostyril  prepared  by  alkaU  fusion  of 
r.aphthalene-l,8-cyanosulfonate  (m.p.  180.6-181.6*)  had  m.p.  180.4-181.5*. 

The  second  half  of  the  precipitate  is  repeatedly  extracted  with  boiling  2^  sodium  carbonate  solution. 

O^'  cooling  the  soda  extract,  a  yellow  ciystalline  prec  iprtate  comes  down.  Weight  0  47  g.  m.p.  177-178*i  from 
ethyl  alcohol,  prisms  with  m.p.  180.3-181.3*.  A  mixture  with  the  naphthostyiU  prepared  by  alkali  fusion  of 
t'aphtrulene-1.8-cyanosulfotme  (m.p,  180.6-181.6*)  melts,  180.4-181.5*. 


4 -dll oro  l-acery lam ino naphthalene  is  prepated  from  1-acetylaminonaphthalene  with  m.p.  158-159*  [10], 
The  prepared  4-chloio-l-acctylaminonaphthalene  has  m.p.  186.5-187.0*  aftei  one  crystallization  from  aqueous 
methanol,  and  1 89. 5-189. 8*  after  three  crystallizations. 

4ChlOTO-i-naphtliyllsocyanate.  Into  125  ml  toluene  solution  of  carbonyl  chloride  at  0—5*  u  introduced 
40  g  4-chIato-l-r.aphthylarr)ine  with  m.p.  95-99*.  prepared  by  saponification  of  4-chlorO'l-acetylaminonaiAthalene 
with  m.p  186.5-187  0*.  The  reaction  mass  is  heated  to  95*.  stirred  for  2  hours  at  this  temperature  arvi  filtered 
The  toluene  isd.stiiled  off  from  the  filtrate  and  the  residue  distilled  at  1.5  m.m  and  116.5-117*.  Yield  18.78  g 
of  co.mpoijLnd,  from  carbon  tetrachloride  it  forms  colorless,  lanceolate  crystals  with  m.p.  44.4-45.0*. 

The  same  compound  is  obtained:  1)  by  piiosgeriation  of  fused  4-chloro-l-acetyl-amirionaphthalene ;  2)  by 
phosgenation  of  a  suspension  of  4-chloro*l-acetyIammoTuphihalr.".c  in  trichloroberjzene. 

Found  N  6.83.  6.84.  M  (in  benzene)  194.9.  198.3.  194.4.  Calculated  K  6.88;  M  203.5. 

With  methyl  alcohol  tV»e  prepared  isocyanate  forms  a  precipitate  of  meihyi-l-naphthylcarbamate.  m.p. 

(from  ca.'bo»i  tet/achloride)  149.3-149  7*;  colorless  prisms.  A  mixture  with  the  compound  prepared  from  4  -chJoro- 
l-nip.V.hy’.a.mine  and  methyl  chiproformaie  (m.p.  149.6  149. &*■).  melts  at  149.6-149.8*. 

Found  <51)  0114.98.15.01.  C^Hj.OjNCl.  Calculated ‘Jb.  Cl  16.05. 

4-Chlor onaphthosT./TlJ  Imo  ^  fused  mixture  of  24.20  g  anhydrous  alumruurr  n  .dfocliioiuje  and  5  80  g  sodium 
chloride  at  115  is  introdL'ced  2.95  g’ 4 •chloro-1 -naphthyl isocyanate,  afic  ^to'irg  for  15  minutes  the  rT>a‘s  ts  poured 
orito  ice  water  and  tlic  piecipiiate  is  filtered  Sodium  carbonate  exrraciion  pi\e's  g  subsiarice  from  glacial 
icexx  acid  it  forms  bngl.i-yellow.  lanceolate  crystals  with  m.p  2"  1. 1  2'4.''‘’  ^aboi;  207*  [11],  270‘  [12]).  A  mixed 
test  (1  1)  with  the  4-chloronaphthylsiyril  prepared  by  chloiirtaiion  of  naprittiostyrii  'll.  13]  with  m  p  273  3-273. 7* 
.-nclis  at  273  274.3* 

Found -5o.  Cl  17  37.  CuH^NCl.  Calculated Cl  17.43. 

2-Methyl-l-naphtriynsocyanate  is  prepared  by  pt»osge nation  of  69  7  g  of  a  s-.;'pc-nviori  of  2-mc;hylfl  naph 
tnylarnine  iiydrocnloMcie  [14]  in  irichlorobenzene  at  160-170*.  The  isocyarate  comes  over  wnen  the  reaction  mass 
is  .ract.o'ated  m  vacuvm  at  l-i  mm  arid  161-1C2*  Weight  of  product  33  22  o  Rliorr.bic  plates  (from  carbon  tetra¬ 
chloride).  m  p  28  7-29  3*. 

Found  <5^  N  7  60  7  4-4.  M  (in  benzene)  173,  175,  174  Calculated  K  7  06.  M  l8i. 


with  ir«tbyl  Alcobcl  the  coirpourid  forms  a  white  pcecipiute  of  methyl  2“niethyl-l-iuphthylcerb*njAtet 
f'^m  methyl  klrohol  it  crysiAjllzes  In  prisms  with  m  p  148.7-149.5*.  The  mixture  with  the  prepared 

f.-om  2  'methyl-l  rnphthyUmlr  e  nnd  methyl  cMo»oforir.j».te,  m.p.  147.5-148.2*,  melts  at  147.5-148.7*. 

Fm.nd1fc;  N  6.75,  6.73.  Calculated  <?fc:  N  6.51. 

2- 4<ethyI?Aph.thOityTll  Into  a  fused  mixture  of  24.20  g  anhydrous  aluminum  chloride  and  5.80  g  sodium 
chloride  at  115*  Is  Introduced  2.98  g  2-meihyl  T-iuphlhyllsocyanate,  The  mixture  Is  stlned  15  minutes  and 
pot..'ed  onto  Ice  water.  The  precipitate  Is  filtered,  extracted  with  boiling  2^  sodium  carbonate.  On  cooling,  Uie 
ext  act  deposits  yellow  crystals.  Weight  0.47  g.  From  ethyl  alcohol  It  crystallizes  as  yellow  prisms,  m.p.  213.8- 
214.1‘. 

«Oi.nd  ri.  7  62,  7.61;  M  (Ir.  campha*)  215.7.  Calculated  N  7.65;  M  183. 

SJhiMAH 

1.  Reactlo.n  of  l  traphihyllsacya~ate  and  ir$  de:  i^arives  with  iised  aluminum  chloride  Is  found  to  give 
6  »mino-l  naphthoic  L»ctam  ^ra;^:tno5ty:il;  a’d  its  derivanves.  The  reaction  was  followed  with  1-naphthyl- 
iso:  y»’ Ate.  4-chlo:o-l  •;i.spriUiyUsocy*a*te  aix;  2  methyl-l  •naprirhylisocyanatc. 

2.  Tt'*  hypothesis  Is  advanced  that  the  Iso:  vzr.vte  a~d  dlacylamir.o  groups  may  be  classed  with  halogens 

1'  respect  to  thei*  r  effect  on  ini'oOuctio:!  of  a  i'es-n  S'..Psati.e'it  irio  the  aromatic  nucleus,  since  they  com- 

bi'-e  pa:a-,  ortho  onertatior  with  deactivation  of  the  aromatic  aucleus. 
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ACETYLENE  DERIVATIVES,  16  4. 

POLYCYCLIC  HYDROCARBONS  RELATED  TO  THE  STEROIDS 
XXVL  STRDCTURE  OF  THE  TRICYCLIC  KETONES  PREPARED  BY  1  HE  DIENE  CONDENSATION  OF 
l-VINYL“A’-CYCLOHEXENE  WITH  1.3“DlMETHYL-A’<YCLOPENTEN  *6-ONE 

I.  N.  Nazaicv  tad  T.  D.  Ntgiblna 

In  one  of  the  {Keccdlng  InvestigAtions  [1],  it  was  shown  that  the  diene  condensation  of  l-vlnyl-A’”«yclo* 
hexene  (I)  with  l,3-<lliT»ethyl--A'-cyclopeaien*6-one  (II)  gives  two  isomeric  tricyclic  ketones  (a  crystalline  one 
with  m.p.  Cl *<52*  and  a  liquid  one  with  b.p.  147*  at  7  mm),  whose  structure  was  represented  by  the  formulas  (HQ 
and  (IV); 


The  amount  of  liquid  isomer  I'creased  with  r:ang  temperature  of  the  die  it  co  tide  n  sat  ion;  however,  the 
crysvalline  isomer  is  -ot  iransform*  d  nto  the  liquid  one  eser.  when  heated  in  a  glass  ampoule  at  200-210*  for 
20  hours 

In  view  of  the  fact  that  gfea:  irterest  attaches  to  the  described  diene  condensation  as  the  simplest  model 
example  for  the  synthesis  of  polycyclic  compounds  related  to  the  sietoids,  we  decided  to  undertake  a  direct  dem¬ 
onstration  of  the  structure  of  the  tr.cyclx  ketones  that  we  obtained  by  this  condensation.  Another  reason  for 
dOing  this  was  the  fact  that  liitle  attention  has  hiilieno  been  given  to  die.ne  condensations  of  1,2-substituted  buta¬ 
dienes  with  asymmei’ical  dienophiles  altliough  these  condensations  are  of  great  theoretical  and  synthetic  value. 

Detailed  investigations  revealed  that  the  ciystalline  Isomer  with  m  p.  Cl— 32*  was  1.5-dimeih>l-4,5-ietra- 
methylene-si'-hyd-'indane-G-one  (III)  whose  sttucture  was  proved  by  hydf^ogenat.dn  to  the  saturated  tricyclic  ke- 
lone  (V)  and  by  oxidation  of  the  ketone  with  lodioe  and  alkali  in  methanol  solution  to  the  polyester  of  the  dicar- 
boxylic  acid  (VII),  the  latter  was  dehvdrogenated  and  deca'hoxylated  in  presence  of  palladium -on -carbon  at  380- 
3ifj*  to  the  known  inncihyl  2-ethylrnphthalene  (VI!!)  [2] 


A  similar  process  cf  oxidative  cleavage  with  the  help  of  alcoholic  icxline  and  alkali  has  recently  been  suc¬ 
cessfully  employed  to  demonstrate  the  sttucture  of  some  sictoid  ketones  P]. 
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Th*  liquid  trtcyclic  keloue  (b.p.  MT  ut  1  mm)  ptovud  ic  bu  i.SHilmeibyl-l,5-letMmelh»lciie-A<hydtl«- 
dttte-3-one  (IX).  which  was  formed  by  diene  condensaimn  from  the  crystalline  isomer  (UI)  wlU.  double  bond  mi¬ 
gration  Thi<  Isomerization  of  the  crystalline  ketone  (111)  into  the  liquid  isomer  (IX)  is  realized  with  excepUonal 
ease  by  heating  with  hydrochloric  acid,  as  w^s  repeatedly  described  previously  in  other  cases  [4]: 


O  HCl 


The  structure  of  the  liquid  tricyclic  ketone  (IX)  was  also  proved  by  hydrogenation  to  the  saturated  tii- 
cyc’ic  ketone  (X),  oxidation  ot  which  with  iodine  and  alkali  in  metharurl  solution  gave  the  polyeaer  (XI)  which 
was  dehydtogeruted  to  2-ethylnaphthalene  (XIQ: 


-CH-COOH 


Pd/C 


320  -  340* 


(XU) 

2-£thy3naphthalene  (XII)  was  al^  prepared  by  dehydrogenation  of  the  above -described  dicarboxyllc  acid  (VII) 
with  Ni  catalyst  (25  hours  at  380*390*)  It  must  be  pointed  out  that  hydrogenation  with  Pi  catalyst  of  the  tricyclic 
(iciones  (Ui)  and  (IX)  leads  m  formation  of  different  stereotsomeric  Veiorses  (V)  and  (X).  differing  in  aU  probability 
by  the  configuration  of  the  carbons  at  the  place  of  addition  of  the  tirst  and  second  rings. 

Coasequenily,  in  the  diene  condeo^ation  of  l-vinyl-A'-cyclohexene  (I)  with  l,3-dlmethyl*A*-cyclopentene- 
5-one  (II).  only  ketones  (III)  and  (IX).  which  possess  an  identical  skeleton  aud  differ  only  in  the  position  ot  the  double 
bond,  are  formed  The  ketone  (IV).  suggested  above,  is  apparently  not  formed  at  all. 

The  tricyclic  hyd'oearbon  (XIII)  is  formed  on  dehydiogeoaiion  of  i.he  crystalluic  ketone  (III)  with  the  lielp  of 
palladium  cn-cartion  (S'Js  ?d)  a»  3CD-38Cj*  On  carrying  out  this  dehydrogenation  ui  benzene  soluiio'',  cleavage  of  me 
•imembered  ring  occurs  with  foriration  of  a  hydrocarbon  which,  in  all  probability,  is  I  methyl-?  isopropyl- 

''aptiThalene  (XfV); 


r ! 

CH, 

1 

f  ^ 

A 

CH 

A 

I 

X  j 

360  -  3';0* 

1:  ] 

=  o 

1 

(XIV) 

(in  benzene) 

<  Y< 

1  J 

r.H, 

(HI) 

Cm, 


Pd,  C  ^ 
3G0  aso* 


-yf — 

I  (XIll) 


Sucri  a  dehyd!Oge.’’aTio''  with  cleavage  of  the  five-membered  »ing  has  been  succersiully  employed  in  •ecc'^t 
yea«$  tc  establish  the  structure  of  steroid  ketoives  [5], 

\ve  also  atiemp’fd  to  convert  the  liicyclic  ketone  (III)  irito  1  •inethyM.o-bcnzindaiie  (XXIII).  which  we  speci¬ 
ally  lyihesizcQ  by  two  independent  methods  as  described  below  h  was  found,  however,  that  the  tricyclic  ketone  (UI) 
is  teduced  by  Kizhner  s  method  with  extraordinary  difficulty  to  foim  the  tricyclic  hydrocarbon  (XV)  in  srrall  yielo, 
wnUe  by  Clemmensen  s  method,  the  ketone  (III)  is  not  reduced  at  all  but  only  undergoes  isomerization,  with  do..ble-* 
bond  shift,  to  the  liquid  ketone  (IX)  In  this  connectio'',  it  must  be  pointed  out  tliat  Clemmensen's  red-iction  fails  to 
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occur  with  All  other  bi*,  trl-  And  polycyclic  ketones  containing  the  l,9dimethyl  hydrindanc'-d^sne  grouping  fp]. 
The  corresponding  bl-,  ktl^and  polycyclic  hydrocarbons  containing  the  l,9<limethylhydrindane  grouping  Ate  ex* 
traord inarily  resistAnt  to  exhaustUe  dehydrogenation  with  elitrination  of  the  angular  methyl  group  JB]: 


(xvni) 


By  Kizhnei’s  reduction  of  the  saturated  tricyclic  ketorje  ^V),  it  was  possible  to  obtain  in  satisfactory  yield 
(about  AQPjo)  the  saturated  tricyclic  hydrocarbon  (Xvp  yhkh,  however.,  was  not  susceptible  to  exhaustive  dehydro- 
geruiion  to  l-mcthyM.S-benzindane  (XXUI);  even  in  very  d'astic  conditions  of  dehydrogenation  it  only  loses  two 
molecules  of  hydrogen  and  is  converted  into  a  hydrota'bon  with  eithe;  s^uctu^e  (XVII)  or  (XVIIQ. 


A  similar  striking  stability  in  dehydiogenation  condidons  was  also  exhibited  by  the  1,9-dlmetbylhydrindaDet 
(XX)  and  (XXI),  prepared  by  Kizhnei  reduction  of  l.S-dimethyl^  A‘-hyd:ir»dane -S-one  (XIX):  this  compound  was  syn¬ 
thesized  in  our  laboratory  previously  by  condensation  of  l^SdimethyhA’-cyclopemer  -6-one  (1)  with  butadiene  [7]: 


1 'Methyl -d.iS-benzuidane  (XXIII;,  constituting  the  basis  of  me  tricyclic  ketones  (III)  and  (IX).  was  symhcr 
si'  y  us  by  the  two  following  independent  loutes. 


CH, 

I 


/\ 


jCH.'-C4:=^CHCQCl^ 
AlCl*  ' 


,  N 

I  I  u 


Jl'  *  - 

(Clemrrersen) 


(XXII; 


V  c 


'' 


CH. 

CH 

C 

(XX'.') 


CH, 

1 

LJ 

i  ^  ■ 

1 

’v' 

•  k 

1  (fH’Q 

(XXIII) 

C  »v 

1  ’ 

\ 

CH, 

i 

:  1 

Zn  HCl  ^ 

'  i  1 

:i  V 

1  1 

\ 

1 

U_-.J=o 

(XW.r) 

1 

X  (XXV 11) 

Ketone  (XXII)  has  already  been  described  by  N'/*vO’  .■*.  d  ^  wile:  b.i  reported  ttie  incorrect  ireltirg  point  of 
99*  (instead  of  71-72*)  on  the  basis  of  which  Bar-chetti  [b]  app^.'ef  tiv  e''o»'eousIy  asc'ihcd  ic  tnc  product  of  cyclizaticn  of 
d-(2-naphthyl)-bulyTyl  chloride  (XXVIU)  the  itruct're  of  the  imea'  fcetoiie  (XXIX)  altho-gii  it  tiad  th^e  same  melting  pomt 
as  ketone  (XXII): 


B41 


COCl 


(XXVU!) 


Clemmensen  leduciion  of  keiones  (XXU)  and  (XXVI)  pioceeds  smoothly  a*wl  60-70^yields  a.»e  obuined  of 
the  coiresponding  hydiocaibons  (XXIII)  and  (XXVU),  the  lattei  also  gives  byd*ocA*bor,  (XXIU)  on  dehydrogenation 
With  palladlunrcn'^rbon.  Stalling  from  the  cis*  and  trans- £*v'inylethlnyldecalols  (XXX),  we  also  prepared  the 
linear  methylbenzindane  (XXXIV)  by  the  following  route  which  was  developed  In  our  laboratory  [9]: 


(XXXI)  /•  (XXXID 

1^  y 

Ay 


(XXXUl) 


(XXXIV) 


Reduction  of  ketone  (XXXII)  by  the  Clemmerwon  method  and  dehydrogenation  of  the  resijltam  hydrocarbon 
(XXXIIf;  to  the  linear  methylbenzindane  (XXXIV)  p;oceed  quite  smoothly  with  yields  of  80^  and  respectively. 

Dehydration  of  £-vinylethlr.y!dcca’.oI  (XXX)  gives,  apart  from  the  dienyme  (XXXI),  the  dienyre  (XXXV),  hy¬ 
dration  arxi  cyclizaiion  of  the  latte:  leads  to  the  tricyclic  ketone  (XXXVI;.  The  lattei  is  reduced  with  g^oat  difficulty 
(Clemmensen  reaction)  to  the  hydiocaihon  (XXXVII)  (yield  about  which  had  already  failed  completely  to  dehy 

droge'’ate  to  methylbenzindane  (XXXVUI). 


)  c 

Ch 

CH, 

(XXXV) 


\ 


(XXXVI) 


CH, 


(XXXVII; 


XXXVUI; 


Also  proceeding  <ic cording  to  the  above-descr,bed  scheme  is  the  previously  studied  pO)  coridensalior.  of  vi'yl 
cyclor-exe-u?  (I)  and  vinyloctaline  (XXXIX)  with  1.3-di  rntthyl-A*  cyclopentcn  -},5<lione  (XL)  TT.e  c^ystalitue  di^e 
to'^cs  (XLI)  (XLIi)  a»e  formed,  the  structures  of  which  were  proved  by  dehydrogenatior  witf-  psiladized  ca'bo'  *o 
respectively  2t:thyin4D*ith«lene  (XII)  and  2-ethy!pi'er;ar*trirene  (XLIII);  (see  top  of  re*t  rvage) 

EXPERIMENTAL 

Conde."sation  of  lA.inyI-A*-cy*lo>>exere  (I)  with  1,3-dtmethyl  A* < y do pe.cten  6o»~.e  (IFi.  a)  18  g  1  vinyl  a’ 
cyclohexene  (b.p  142-144*.  rip  1.4900)  and  43  g  1  3 dimethyl  A'-cyrlopcr^ien-S  one  (b  p.  Ib4  165*.  '■p  1  4660;  we  e 
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heated  in  a  sealed  ampoule  at  125']30*  foi  60  hours.  After  distilling  off  the  original  substances,  the  residue  was 
fractionated  in  vacuum  to  give  1C  g  of  a  mixture  of  ketones  (III)  and  (IX)  with  b.p.  125-128*  at  3  mm;  1.5150. 
Repeated  freezing  wUh  additim  of  rreihyl  alcohol  led  to  isolation  of  8  g  crysulline  ketone  (Ill)  with  m.p.  61-62* 
(from  methyl  alcohol),  it  gives  a  dtniirophenylhy  drazone  with  m.p.  lo'-l  36*  (tioni  alcohol). 

5.105  jng  substance:  0.627  ml  Nj  (23*.  752  mm).  5.310  mg  substance:  0.642  ml  1^  (23*  752  mm). 

Round  .N  14  00.  13  80.  Calculated  <5t.  .s'  14,07. 

Ketone  (III)  does  .“ot  form  a  :emlcarbazone  even  after  bo.Lng  of  the^reacianu  for  many  hours.  Ketone  (III) 

Is  only  hyd’ogenated  with  Pt  caulysi  i’  anhydrous  acetic  ac.d  o:  m  etiiyi  alcohol,  but  with  addition  ir.  the  latter 
case  of  Pd  catalyst  on  calcium  carbonate.  Ir  this  process  c-^e  rrolecule  of  hydrogen  combines  to  form  the  saturated 
ketone  (V)  with  m.p  37  38'  (irom  alcohol).  Its  2,4  dimt.'ophenylryd.razone  melts  a:  158-159*  (from  alcohol). 

4.770  mg  substance;  0.571  ml  (19*.  749  mm;.  4  685  mg  substance:  0.563  ml  (20*.  748  mm). 

Found  «!l.:  N  13.79.  13.78.  C,iH,,V40^  Calculated  *51):  ^14.00, 

Ketone  (*i/)  likewise  fails  to  form  a  semica'’bazon.e. 

b)  19  g  1 -vinyi-A'‘-c  yc  lohexc’ e  and  50  g  1,3  dimctnyl  A  <  Icper.ten  5  o' e  were  heated  in  a  sealed  am¬ 
poule  at  170“  for  50  hours,  DistillatJon  o<  the  o'.gr«l  s.  bsta,'>ces  -as  followed  by  irolation  of  12  g  ketones  (III)  and 
(IX)  with  b  p.  137-144*  at  4  m.T.  '■j$  1  5180  freez.ng  yielded  "  g  ketone  (UF;  wi»h  m  p.  61-62*.  The  motlier  liquor 
fmrii  iwo  experiments  was  combined  a-d  ha*,  iionted  i.r  vacuum  to  gr.e  ^  g  liquid  Ketone  tlX)  with  b  p.  125-127*  at 
4  mm;  Hq  1,5175,  d^*  1  018:  semica-bizo"e  with  m  p  166  167'  L  4  dir;itrop;ienvl.-,yd-'azone  with  m.p.  166-167*. 

A  mixed  sample  with  the  above -desr'ibed  2.4  ■d,.-iitiopr.enylr,yd:azo..e  of  ketone  (III)  melts  at  144-150*. 

Hyd=ogen.atio»^  of  ketone  (IX).  6  g  kezone  (IX)  with  b  d  Vzb-'JIT  »i  4  mm  was  hydrogenated  in  25  ml  ethyl 
alcohol  over  Pt  caulysi.  0.62  1. hydrogen  (1  mole)  combined  r  »  period  of  2  ho^js  Yield  5  8  g  ketone  (X)  with  b.p. 
127-129*  at  4  .mm.  njj  1,6098.  d^*  1.010 

6.080  mg  subs^a'-ce,  16  302  mg  Ct\.  4. 865  mg  Ki.-id'l  C  82.20.  h  10.71. 

Calculated  <%.  C  81.81,  H  10.90. 

Ketone  (X)  gives  a  2  4-dinilxpphenylhydtazone  with  m  p  157  156*  a  mixed  sample  with  the  above-described 
2  4-diniirophenylhydrazone  of  ketone  (V)  melts  at  135-1 12*.  l.e  a  stmng  dep.'esslop  occurred.  The  semicarbazone 
of  ketone  (X)  melts  at  193-1 94*’  (from  alcohol). 

Isomerlzaiio^-  of  keto-e  Q]!).  in  the  conditions  of  the  Clem -^e •  se reac  tion  A  mixture  of  7  8  g  ketone  (III) 

(m  p  C1-C2*)  30  ml  ethyl  alconol.  25  g  amalgamated  zinc  2C  rrl  wate:  a'd  b.'  mi  nyd’ochloric  acid  was  boiled 
under  a  reflux  condenser  for  7  houti  Ba;h  temperature  120-130*.  Dc-'ing  this  pe’iod  »  f^nhet  60  ml  Hydrochloric 
acid  was  added  irt  three  portions.  Tne  product  was  extracted  wttn  cthe',  f.euiral'zed  with  soda,  and  dried  with 
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dj*  1.024. 

9.94  ir;;  subtfAnce:  30.00  irg  C(\:  9  33  mg  H,0.  10.58  irg  subsunce:  31.90  mg  Cq|.  9.81  mg  l%0. 

FouTid^Jk:  C  82.37,  82.28;  H  10.51,  10.38.  C|5Hj,0.  CilcuUied  C  82.57;  H  10.04. 

The  2,4-dlnitrophenylhydir*zcne  melted  At  165-167*. 

5.588  mg  substAnce.  0.666  ml  1^  (22*,  752  mm).  5.450  mg  substance;  0.647  ml  (21*,  753  mm). 

Found  N  13.65,  13.66.  C,4H,j.N404,  Calculated  5^;  N  14.07. 

A  mixed  sample  with  the  2,4"dlnitioplienylhyd:azone  of  the  original  ketone  (UI)  melts  at  128  130  . 

Isomerization  cf  ketone  fill).  A  mixture  of  5  g  ketone  (III)  with  m.p.  61  ■62*.  20  ml  ethyl  alcohol  ar.d 
50  ml  hydrochloric  acid  was  refluxed  in  a  flask  at  a  bath  temperature  of  125  l.'*0*  for  5  hours.  The  product 
was  extracted  with  ether,  iteutraiized  with  soda,  dried  with  calcium  chloride  and  fractionated  In  vacuum.  Yield 
3.5  g  liquid  ketone  (IX)  with  b.p.  139-140*  at  8  mm,  nJJ  1.518.5;  1.021. 

12  23  mg  substance.  36.76  mg  CO^  11.32  mg  H,0.  10.51  mg  subsunce:  31.69  rrg  CO^.  9.78  mg 

H|0.  Found'S.;  C  82  03.  82.28:  H  10.35,  10.42.  CaHoO.  Calculated'S*;  C  82.57;  ri  10.04. 

The  semlcarbazone  melted  at  186-187*,  and  the  2,4-dinluophenylhydrazone  at  163*164*  they  did  rwt 
give  a  depression  with  the  above.described  semic  a'bazone  ar«l  2,4  dinitropt»enylhyd:azone  of  liquid  ketone  (IX) 
prepared  by  diene  condensation  of  1  vinyl-A'-cytTohexene  with  l,3-dimethyl-A*-cyclopenten-5-one. 

Reduction  of  ketone  (III).  5  g  ketone  (HI)  with  m.p.  61-62*,  40  g  diethylene  glycol,  20  ml  ethvl  alcohol 
and  11  .ml  hydrazine  hydrate  were  refluxed  on  a  water  bath  for  3  hours.  4  g  KOH  was  then  added  arid  the  heating 
contuiued  with  a  sloping  condenser  for  12  hours  at  20C'-210*.  15  ml  turbid  liquid  distilled  over.  The  residue  was 
diluted  with  water  and  extracted  with  ethei;  the  u.sTiilaie  was  also  extracted  with  ether,  the  etitcreal  solutioiu 
were  combir-ed  and  cned  with  calcium  chloride  Fractionation  gave:  1)  a  fraction  with  b.p.  110-150*  at  6  mm; 

1.5140,  1  g,  2)  a  fr&;rion  with  b.p  100-1(4*  at  6  mm.  n”  1  5330,  3  g. 

The  fc'st  arid  second  hactions  weie  further  heated  with  1  g  fused  KOH  at  280*  for  8  hours  to  give  0.5  g 
hydfocarboo  (XV)  with  b.p  112'114'  at  7  mm.  1,5140. 

Rcducuor.  of  ketoTie  (V\.  4.2  g  ketone  (V)  with  m  p.  30-37*.  20  mi  ethyl  alcohol.  40  ml  diethylene  gly¬ 
col  ard  il  ml  hydrazine  hyd»..te  were  heated  on  a  boiling  water  bath  for  3  iiours.  Heating  was  then  coTUi.nued 
for  2  hours  at  170-190*  a''d  7  hours  at  210-215*.  The  product  was  diluted  with  water,  extracted  with  ether  and 
dried  with  calcium  chloride.  After  distilling  off  the  ether,  the  residue  did  not  distill  at  7  mm  and  a  bath  tem¬ 
perature  of  170*.  2  g  fused  KOH  wi<-  added  to  it  and  the  mixture  heated  at  310-22u*  Vigorous  evolution  of 
Piirogen  was  observed  and  a  hydrocarbon  distilled  over.  The  hydrocarbon  was  extracted  wlthi  etr.e'  A'd  dried  with 
calcium  chiOr.de  Fraciionation  g'lve  1.6  g  hydrocaibon  (XVI)  with  b  p.  118-119*  at  9  mm.  1  5090.  d^*  0*9016; 
klRjj  t4.00.  calculated  64  £7. 

12.37  mg  substance*  39  50  mg  C'l^.  13  52  mg  h,0.  12  65  rrg  subsUnce :  40  33  mg  CO,.  13  98  mg  hjO 

Found  ‘5b.  C  87  15.  87.11.  H  12.23,  12  37  Calculated'S!.  C  67  :il.  n  12.63 

Dehydrogetuation  of  hydrocarbon  fXVI).  a)  1.4  g  hydioca-bor,  (XVI)  (b  p.  116-119*  at  9  mm.  r-JJ  1  5090). 

1  5  g  palladiu.m  on  carbon  (•5‘7c  W)  and  15  ml  benzene  were  heated  at  360  370*'  ior  10  hours  in  a  metal  ampo.le 
Fraciicnaiicn  gave  1  g of  a  inixtute  of  products  with  b  p.  115-117*  at  7  mm  1.5140  ludglng  by  the  refractive 
ir<lex.  very  Imle  hydrogenation  had  uker;  place  m  ihis  exiM-iunent 

1^)  6  *■  g  hydrocarbon  (XVI)  fro;n  the  preceding  experm. enl  with  b.p  115-117*  at  7  mm  was  Vated  wi'b  0.5  g 
selcnjum  at  42i*  In  a  fla-k  with  a  reflux  condense*,  evol  juon  of  hydrogen  seleriide  was  not  obse’ved  At  a  len'pe’a'a'e 
of  43-<  a  li'tie  hydrogen  seleriide  came  off  and  the  mixture  was  badly  resinified. 

c)  1.5  g  hydiocAbon  (XVI;  (b.p.  llS-119*  at  9  rrm,  n”  1.5090)  was  passed  at  360-370*  for  two  hoois  thtOign 
a  tvbe  pacFcd  with  palladium  on  caibon  (5'5b  W)  340  ml  hvdiogen  came  off  (2  moles),  Fiactionation  gave  0  7  g 
hydtocarbon  (XVH)  or  (XVlir,  with  b  p  142-1.:5*  at  8  mm.  ng  1.5340 

5.147  mg  subsunce.  16.73  mg  CO,.  4  935  mg  H,0.  8  300  mg  subsanct.  26  930  mg  CO,  8  023  mg  H,0. 

Found C  86.71.  88.64.  H  10.73,  iQ  82.  Calculated  <5b.  C  89.11;  H  10.89. 
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Ey *)  4  g  ketone  (HI)  with  m.p.  61-€2*‘«nd  4  g  p«l]adiunl'«>n*caiboD 
W)  were  heated  lo  a  meta!  Ampoule  for  15  minutes  at  560-380*,  i^aLticnation  gave  2.5  g  of  a  mixture  of 
ketones  widh  b  p.  13U~132*at  3  mm;  1.5310. 

9.98  mg  aib stance:  30.85  mg  CC^:  8  77  mg  H|0.  14.78  mg  substance:  4^.03  mg  CC%:  12.90  l%0. 

Found  •fo:  C  85  21.  8i  99.  H  9.93,  9.77.  For  the  original  ketone  (III)  calculated  ‘Jk:  C 82.57:  H  10.04. 

Th®  data  and  the  Index  of  refraction  show  that  dehydrogenation  of  ketone  (IIQ  In  thlsoxperi* 

ment  ux>k  plac  e  to  an  insignificant  extent 

b)  2.5  g  of  the  mlxtu-e  of  ketonCk  with  b.p  130  -132*  at  3  mm  obtained  in  the  preceding  experiment 
was  further  heated  with  2  g  palladium-on-<a:bon  (5^  Pd)  at  360-380*  for  if  hox-s.  There  was  obulned  0.8  g 
hydrocarbon  (Xlil)  with  b.p.  130-134*  at  4  mm;  njj  1.5780. 

9  76  mg  subsunce:  32.48  mg  CO^r  7.83  mg  HjO.  11.17  .mg  substance:  37.11  mg  CO^:  9.15  mg  1^0. 

Found  <>»:  C  90  82.  90.67;  H  8.97,  9  17.  C^Hi^  Calc  Jaied  <51.:  C  90.91;  H  9.09. 

c)  2.5  g  ketore  (III),  25  g  benzene  and  2  g  palladium  -on  carbon  (S^Jk  Pd)  were  heated  !n  a  metal  am¬ 
poule  at  350-360*  for  6  hours.  The  catalyst  was  filte.red  off  and  repeatedly  washed  with  benzene.  After  dis¬ 
tilling  off  the  benzene,  the  product  was  fractionated  in  vacuum;  first  fraction  b.p.  110-123*  at  7  mm;  ng  1.5781. 
0.5  g;  second  fraction  b  p.  123-124"  at  7  mm;  nj[}  1.5780,  1.25  g. 

The  first  and  second  fractions  were  further  dehydrogenated  with  1  g  paUadiam-on-c:arbon  (5^  Pd)  at 
350-380*  ftx  6  hours  to  give  1  g  fraction  with  b.p.  l?.C-!69*  at  6  mm;  nj^  1.5910.  This,  product  was  again  de- 
hyd.’^ogenated  with  1  g  pilladium  on  carbon  (5^  W)  at  360-380*  for  4  hours  to  give  0.6  g  l-methyl-2-lsopropyl- 
naphthalene  (XTV)  with  b  p  127-129'  at  5  mm:  1.5970.  d”  \C137, 

7.716  mg  subsiar.ee.  25.713  mg  COj,.  5.772  mg  HjO.  Found  ‘Jfc:  C  90.94;  H  8.37.  Ct4Hx^ 

CalcuUied  <%:  C  91.30:  H  8.70. 

The  picraie  melted  at  99-100*  (from  alcohol). 

4.172  mg  s<..b stance.  0.381  ml  V  (23*  739  inm)  2. -.51  mg  substance:  0,220  m.l  (24*.  752  mm). 

Hound'S).  N  10  24.  10.21.  Calculated N  10.16. 

Oxidative  cleayage  of  keto  >e  (V).  To  8  g  ketone  (V)  with  m.p.  37-38*  and  500  ml  methyl  alcohol  were 
simuluneously  added  d^opwL'C  over  a  petiod  of  3  houts.  solutions  of  32  g  iod.ne  In  480  ml  methyl  alcohol  and 
22.8  g  KOH  In  400  ml  meinyl  alcohol  and  80  ml  water  at  s-ch  a  rate  that  the  iodine  was  in  excess.  On  the 
next  day  the  methyl  alcohol  was  distilled  off  i"  a  moderate  vacuum  and  the  residue  extracted  with  ether  for  re¬ 
moval  of  the  neutral  products  The  residue  from  the  extraction  was  treated  with  hydrochloric  acid,  the  acid 
products  we^-e  ext* acted  with  ethe'  the  ethe’^eal  solutio>v  was  decolo.tJzed  by  shaking  with  concentrated  sodium 
bisulfite  solution  and  dried  with  sodium  sj'fite.  Distillation  .of  the  ether  left  6  g  half-ester  (VI)  with  -Ti.p.  111- 
il2*  (from  ligtome) 

9  98  mg  substafice.  25  l-i  mg  CO,  c  -17  mg  h.O  found  °io.  C  68.77,  H  9,48.  Calculated^: 

C  G8  08  H  9.21, 

From  the  neural  fraction  after  di'tilU-lior  of  the  eihei  was  isolated  0  C  g  crystalline  subsunce  with 
rn  p  79-81*  (from  alcohol)  wnose  structure  was  not. established 

3. .^6  ntt  sjbsur.ce-  9.574  mg  CO*  3  070  mg  H,0  3  924  mg  subsunce:'  10.5M  mg  CO,; 

3.304  mg  H^O  found  <^1!.  C  73  29.  73  37  H  9.63.  9  42 

Sa  for,  j  flea  tin--  of  fre  nalf-cster  (VQ.  .5  g  haU  este-  (Vi>  was  rieated  with  100  ml  alcoholic  KOH  solu¬ 
tion  for  ti  hou'"'  After  distill sng  off  the  alcohol  the  resid.jc  was  ext. acted  with  eihet  to  remove  neutral  products 
but  theie  was  ha'diy  a  trace  of  tlvrse.  The  fcsid-ie  was  acidified  witn  hydrochloric  acid  (20  rnl)  and  extracted  with 
ethci.  From  the  ethereal  solution  was  obtained  2  5  g  dicarboxylic  » rid  ('-TI)  with  m  p.  167-169  (from  acetone). 

9.70  mg  substance:  23.8;  mg  CO,,  7. 80  rng  f\0  10.2k  irg  s-^bsta'ce.  25.25  mg  CC\;  8.47  mg  H,0. 

0  12  g  subsi.voce  8.85  n  1  C  1  N'  K.OH  found  <5:  f  67.07  67  03  H  9  09,  9.27.  M  270.  C,*Hj4Q4. 

Calculated  <%.  C  67  16.  H  8.98.  M  268. 

Dehydiogenation  ofa-.id  (VQ).  a)  1.5  g  acid  (VIlj,  10  ml  benzene  a-vi  1.5  g  palladium -on  carbon  Pd)  were 
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nested  in  i  ineul  ampoule  for  7  ho*uf  at  380<J90*.  At  the  end  of  the  xeaction.  the  caulyst  was  fUtcted  off  and 
wasl^d  scvetal  times  with  benzene.  The  bciaene  was  distilled  off.  Distillation  of  the  teshiuc  in  vacuum  g^ve 
0  5  g  hydfoca^bon  fraction  with  b  p  125-132*  at  15  mm.  ng  1.5C20;  this  ga  e  the  pictate  of  l-methyl-2<lhyl- 
.'.aphthaiene  with  m.p.  94-95*. 

3.651  mg  substance:  0.331  ml  1^  (19*.  745  mm).  5.080  mg  substance:  0.461  ml  ^  (22*.  751  mm). 

Pound  V  N  10.39.  10.35.  C|,Hx|0,N|.  CalcuiatedV  N  10.52. 

According  to  the  literature  P),  l-methyl-2-ethylnaphthalene  pictate  melts  at  110-111*. 

b)  1.5  g  acid  (VII),  100  ml  benzene  and  3  g  Raney  nickel  were  heated  at  380-390*  for  25  hours.  The 
bcf.iene  was  dlstdled  off  and  the  tesidue  ftactionaied  in  vacuum  to  give  0.3  g  2-eihylnaphthalc??e  (XIQ  with 
b  p.  140-142*  at  15  mm,  1.5610;  the  pictate  melted  at  78  80*. 

Oxidative  cleavage  of  ketone  (X).  To  4  g  ketone  (X)  (b.p.  127-129*  at  4  trm)  in  300  ml  methyl  alcohol 
were  simultaiteously  added,  over  a  petiod  of  4  hours,  solutions  of  16  g  iodine  u*  200  ml  methyl  alcohol  and  11.4  g 
KO.-l  in  200  ml  methyi  alcohol  and  40  ml  maiet  at  such  a  speed  that  the  iodine  was  i**  excess  The  rext  day  the 
merhyi  alcohol  was  distilled  off  in  vacuum,  the  tesidue  was  worked  up  with  hyd»ochloric  acid  and  the  acid  pro¬ 
ducts  weic  exuacted  with  ether.  The  etheieal  solution  was  derolotlzed  by  diaklng  with  5  ml  conceniiaied  sod¬ 
ium  bisulfite  solution  and  dried  with  sodium  sulfate.  The  ethet  was  distilled  off  and  the  product  distilled  in 
vacuum  to  give  5  1  g  norcrystallizing  half-csict  (Xi)  which  was  not  saponified  when  heated  with  10^  alcoholic 
KOH  solution 

0.2268  g  substance:  8.09  ml  0.1  N  KOH.  Found:  M  280.  Calculated:  M  262. 

Deryd^oge.ratio*’  of  the  half-ester  (XQ.  2.9  g  half-ester  (XI).  15  ml  benzene  and  2  g  palladiunT-otrcarbon 
(o*)*)  Pd;.  were  heated  ai  320-340*  for  5  hours.  TTie  ampoule  was  operted,  the  hydrogen  released  ard  the  heating 
continued  at  360*  for  11  ho<ir<  The  caulyst  was  filtered  off.  washed  with  benzene,  the  tenzene  was  distilled 
off  and  the  residue  bactionated  Li  vacuum.  Yield  0,7  g  of  fraction  with  b.p.  115-120*  at  5  mm,  ng  1.5630; 
from  th.r  was  prepared  pictate  of  2-ethylnaphihaie'ie  (Xli)  with  m.p,  78-60*  (irom  alcohol) 

3  521  mg  sjbstance:  0.319  rnl  .N|  (22*.  752  mm)  2  351  ml  substance.  0.216  ml  \  (24*,  758  mm). 

Found'S;  \  10  38.  10.53.  Calculaied ‘Sr;  N  10.90. 

Acco’diug  to  the  lueiatme  (11],  2-ethylnaphthalenepiciaie  melts  at  76-77*.  and  1  ethylnaphthalene  pic- 
rate  melts  at  98.5*. 

!-kv?thyl-4.5-be  .^Lr‘da-»e-3-Ofie  (XXII).  12.8  g  naphthaler^e  ard  10.4  g  croic»nic  anhydride  (m.p,  112-114*; 
ng  1.4590;  were  simulianeou.'ly  added  with  eneigeiic  sturirg  to  30  g  aluminum  chloride  Lo  100  ml  carbon  bisul¬ 
fide  When  all  had  been  added,  the  mixture  wai  stirred  fot  4  hours  at  loorr  temper aru'e  and  Seated  with  1  *4)  soda 
solution  The  carbon  bisulfide  layer  was  separated  and  dried  with  cak  i-im  chlo»ide  the  residue,  after  distiilauon 
of  the  carbon  bisulfide  was  fractionated  iri  v.-*cu.um  to  give  6.3  g  ketone  (XXII;  witn  b  p  2u2  204*  at  15  m.m  a-d 
m  p  71-72*  (from  carbon  tePachlonde) 

5  r.68  mg  s.ibsiance  3.308  mg  CC\.  IS  495  mg  li,0  3  760  mg  substance.  2.220  mg  CO, ,  11  «34  mg 

r^O  Foufd  'Jj  C  85  98,  85  85.  M  G  35.  6.60  Calculated  C  85  71,  H  6  12 

A  semlcarbairone  could  not  be  prepared. 

l-k‘;eth>l-4  5-be-.zLndane  (XXIII)  a)  4  .  g  of  ttar  above  ketone  (XXII;  with  m  p  71-72'  35  ml  eitiyi  al 
cohol,  15  g  anulgamatcd  ziru:,  2u  ml  waici  arxl  50  ml  hydrochloric  acid  were  r,e#led  at  130'  fo'  7  hou's.  Tr.e 
mixture  was  diluted  witl'  wate*  satu'attd  with  potassium  carbonate  and  extracted  with  ethe'  U«e  ctt»ereal  solu 
•icn  was  daed  with  cak;i.m  chlonde  Fractionation  gave  3  g  hydrocaibon  (XXIIl)  with  b  p  133-134'  ,  6  mm. 
ng  16132.  d**  1  0413 

9  93  mg  substawe,  33  47  mg  CO,.  C  8"^  mg  11,0  9  08  mg  subsUnce .  30  6,4  mg  CO,  6  24  nig  ii,0. 

Fourid'>a.  C  91  99.  92  0  9.  ri  7  73.  7  69  C;4Hi*  Calculated  C  92  30.  H  7  70. 

The  picatc  wcl’tc  at  88-8ir  (from  alcohol). 

5  0-0  mg  substance  0.462  ml  \  (19*,  745  mm)  5  340  mg  substarKe:  0  477  ml  \  (IQ*.  745  iiim). 

Fo.nd ‘Js;  N  10  44  10  24  C.,jM,tOtNj  Calculaied '5o.  N  10  21. 


b)  An  etbere4).4abttlon  of  vfriylAcetylejjB  magiiesiujn  brooitdo  prepared  from  8.2  g  niAgneltiiiii» 

^  5  g  ethyl  bromide,  25  g  vl!!.ylAcctyle!ie  la  320  ml  ether  at  room  temperature  was  added,  over  a  period  of 
ij-  hours.  36  g  a -let-alone  (b  p.  118-120*  at  10  mm.  i^*  1.6698)  in  200  ml  ether.  After  the  whole  of  the 
ketone  had  been  added,  the  irlxture  (pink  color)  was  stirred  for  3  hours.  The  next  day  40  ml  water  and  150 
ml  10*^  hydrochloric  acid  were  stli'ed  lit.  The  ethereal  solution  was  separated,  neutralized  with  soda  solu* 
t*0!i,  washed  with  water  and  dried  with  magnesium  sulfate.  Fractionation  of  the  reaction  products  In  a  nitrogien 
stream  was  accompanied  by  cleavage  of  water,  and  n  g  of  a  mixture  of  the  carbinol  (XXIV)  and  the  hydro¬ 
carbon  (XXV)  was  obulncd  with  b.p  IgC  lSd*  at  4  mm.  1.6180  [12].  The  substance  was  heated  with  a 
inixtum  of  3.5  ml  sulfu'ic  acid.  10  g  mc'ca^lc  sulfate  ar-d  180  ml  95«jfc  methyl  alcohol  at  60*  for  18  houn 
The  alcohol  was  distilled  orf  in  vacuum,  the  residue  extracted  with  ether,  the  ethe^al  solution 
with  soda  and  dried  with  calcium  chloride.  Fractionation  iti  vacuum  gave  3.5  g  fraction  with  b.p.  184-186* 
at  7  mm.  From  two  experiments  were  obulned  10  g  of  the  previo-sly  described  [12]  crystalline  ketone 
(XXVI)  with  m.p.  81-83*  [contamLnaied  with  the  dehyd-oge-acea  ketone  (XXII)]. 

2.5  g  ketone  (XXVI)  with  m  p.  81^3*.  20  ml  ethyl  alcohol.  10  rrl  w»te\  20  ml  hyd-ochlorlc  acid 
and  12  g  amalgamated  zLrc  were  heated  at  120  130*  for  12  hoi.-s.  The  mlxt /i.re  was  extracted  wldi  ether, 
the  ethereal  solution  was  washed  with  soda  solution  and  dried  with  calckm  chloride  "Vleld  1.2  g  hydro¬ 
carbon  (XXVI^  with  b.p.  127-128*  at  4  iTim.  hq  1.G035.  Heating  of  this  hydrocarbon  with  1  g  palladlum- 
on*ca»bon  (6%  Pd)  at  360-380*  for  3  hours  yielded  0  65  g  hydrocarbon  (XXIII)  with  b.p.  133-134*  at  4  mm; 
pg  1.6120;  d”  1.037. 

13.27  mg  substance.  44  84  mg  CO^  9.47  mg  HjO.  9  57  mg  substance:  32.39  mg  CO^;  6.74  mg 

HgO.  Found C  9221.  92  36,  ri  8.00  7.S2.  Cdculaied C  92.30;. H  7.70. 

The  plciate  raelied  at  87  88*  an^d  did  rot  give  a  depression  witn  the  precedLng  specimen. 

Trans-2  vinylethif  yI-2^caIol  (XXXj  Into  a  three -recked  ro>ind450ttomed  flask  fitted  with  a  mech¬ 
anical  stirrer,  thermometer  and  dropping  funr-el  we^-e  introduced  60  g  KOH  and  600  ml  ether.  With  energetic 
stirring  and  ice  cooling  addition  was  m.9de  ove»  a  penod  of  2^  hours  o’  a  mxtuie  of  92  g  nans- S -decal one 
(b  p  92-93*  at  7  mm*,  r,^  1,4835)  GO  g  vir.yiacctyie- e  aid  500  ml  eihe.'.  The  .nnxtu-e  was  then  stirred  for 
4  hours  The  next  day  100  mi  ware-  was  added  to  the  mixture  coded  with  ice  water.  The  ethereal  solution 
was  separated  washed  with  hyd-mchlotic  acid  'Ol-.-^io*  aid  t^e  wit.h  water,  and  dried  with  sodium  sulfate. 
Fractionation  gave  75  g  t:ais-2  vi-yietnryl  2  decalol  (XXX)  witn  b.p.  118-122*  at  4  mm,  1.5250  [9]. 

TtACstoriratlor  af  cjl-s  2  vr  yiethlryl  £  de  cal  cl  .(XXX;  t.io  the  ttlcycllr  >»etoies  (XXXIT  and  XXXVI). 
20  g  of  the  above  -desetibed  vinylat  eiylerdc  alcor/cl  ^XXX;  witn  b  p  ll  8-122*  at  4  mm  and  20  g  phosphoric 
acid  (s.g  1  82)  were  heated  wlih  stir-ing  fo-  12  hoa-s  at  70*  At  the  errl  of  the  reaction,  the  mixture  was 
diluted  with  double  the  amount  cf  ware-  a-ul  e.xt  arted  wit.s  et.nc.  the  ethereal  solution  was  rteutralized  with 
toda  and  d-icd  with  calcium  chlo-.oc  rieid  11  g  of  a  mixta  e  of  ke’ores  (XXXII)  ic'd  (XXXVI)  with  b.p. 
145-lM*  at  t  mm.  The  mlxto-e  pa^h  c-ystalltzed.  F-om  three  s..  h  espetlmf-nts  wss  obtained  10  g  of  the 
P'e viously  desr  ribed  [9]  c-ystalii  e  ><t'tooe  (XXX’I)  w.tr  ir  p.  6!  63*.  ^'om  the  moihet  iiqao’  afre^  separation 
of  c-ysialltf'c  kelo-'e  (XXXII;  was  obtaued  8  g  liquid  i*eto-e  ;XXX  •  i)  wirh  b  p  121-122*'  at  3  mm,  rip  1.53  90 
[9], 

Reductlo-  of  ketone  ;XXXIIj  16  8  i-eione  vXXXli)  with  m  r  61-<  3''  40  g  erhvl  alcofiol,  35  g  amal¬ 
gamated  zinc.  15  ml  wate*  a'd  45  ml  hydrochio'ic  acid  vc-c  at  125-130  for  12  no-jrs  At  ibe  end  of 

»h.s  period  a  further  4C  ml  t.yd'ochlo-it  ac.d  *3?  added  Tne  o-od  was  extracted  with  ether  washed  with 
Mxla  and  dried  with  calcium  cMo'ide  Vacuam  l-aciioi’atior.  gave  "  5  g  hyd’oea-bor-  (XXX’II)  with  b  p  90-91* 
at  3  mm,  r,|*  ]  608u  d’*  0  W52,  59  C?2  calc'.iated  59  78. 

6.100  mg  subftATce  >•  -IS',  irg  '  O;  19  750  mg  -i-.T)  5  29'')  mg  suhst-r.ce  5  <  90  mg  CCX. 

17  140  mg  H;0  Found  C  88.3>.  88  33.  h  11  86  12  uO  C  C-iIc  uUted  C  88  42,  H  11.56. 

DenydfOgenatigi-  of  ryd-ac  -.bon  (XXXIi:)  3.5  g  hyd-cca-bo'  (XXXill)  with  b  p  90-91*  at  3  mm  and 
1  5  g  palladium  o-  ca-hon  (5^.,  fti)  were  Iteaied  at  370-380'  *0-  20  pov.'s  ''’ield  1.7  g  l-trciny'-5,6-benzInuane 
(XXXIV)  with  b.p  118  124'  at  5  mm  rjj*  1  572u.  The  pu  ’^te  -re'^ed  a*  115  116'  (”om  etnyl  alcohol). 

3.509  mg  subsiarice  u  3M  ml  S  (22*  739  mm';  3  mg  s-b^ranre.  0  343  ml.\  (20*.  739  mm). 

Fo.ind 10  01  9  98  Calculated  10.21 
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fteductloc.  of  lieione  (XXXt^l>.  After  rwo  Clemmcnsen  teduciioris,  iiJ  the  manner  described  above,  8  g 
llqjuJ  ketone  (XXXVI)  (b  p.  121-122*  at  3  mm)  gave  1.2  g  hj-diocarbon  (XXXVII)  with  b.p.  112-114  at  7  mm; 
rg  1.5090,  df  0.94C5;  MRjj  59.93.  calculated  59.78. 

8.10  mg  substance:  25.99  mg  CO^;  8.43  mg  H,0.  11.35  mg  jubstaoce;  3r-.49  mg  CC^j  xl.83  mg 
H,0.  Found  7b;  C  87.56,  87.73;  H  11.65,  11.65.  CuHb-  CalcuUtcd  V  C  88.42;  H  11.58. 

Attempted  dehydrogenation  of  this  hydrocarbon  with  palladium-on-caibon,  either  in  the  liquid  pham  n 
in  the  gas  i^ase  at  300*380*,  was  unsuccessful. 

Dehydrogenatior  of  the  trie  yelk  dlketone  (XLl).  0.5  g  diketo.ne  (XLI)  with  m.p.  111-112  ,  0.5  g  pal- 
ladian>“On-caibon  (57b  W)  and  10  ml  benzene  were  heated  for  12  houis  at  350*300*.  Yield  0.2 g  hydrocarbon 
faction  ftom  which  was  obtairved  a  plcrate  with  m.p.  78-80*  (from  alcohol).  A  mixed  sample  with  the  piciate 
of  2'Cthylnaphihaiene.  prepared  by  dehydrogenation  of  the  half^stet  (XI).  did  not  give  a  deptession. 

Dehydrogenation  of  the  tetracyclic  dUtetone  (XLll).  0.5  g  dlketone  (XUI)  with  m.p.  199*201*,  0.5  g 
paliadium-or'-carbon  (57b  W)  and  10  ml  benzene  were  heated  at  350-300*  for  8  hours.  Yield  0.1  g  hydrocarbon 
wV.cse  plcrate  melted  at  92-94*  (from  alcohol). 

According  to  the  lueratutc  [131  the  picrate  of  2*eihylpbenanthrcne  (XUll)  melts  at  95-96*,  and  the 
pier  ate  of  l-ethylphenanthiene  at  108*109*. 

SUMMARY 

Diene  conde»-.saticn  of  l-vinyl*A'*cyclohexene  (I)  wl^h  1.3*dln>etiiyl-A** * * *••••cyclopentcn-5  one  (U)  gives  a 
uicychc  ketone  (III)  which  in  the  reaction  conditions  partly  isomcrizes  with  shift  of  the  do>jble  bond  and  forms 
the  oicyclic  ketorie  (IX).  This  isomerization  proceeds  with  particular  facility  cn  hearing  with  hyoiocbjoric  acid. 
The  stiucTurc  of  keicnes  (III)  and  (tX)  was  proved  by  their  tiansforrrauon  into  known  naphthalene  derivatives.  A 
study  was  made  of  iftc  hydrogenation,  dehydrogenation  and  red>xrtion  (Kizhner  aiwi  Clemmensen  methods)  of  ke- 
tO'*es  (Ill)  and  (IX).  as  v'*ll  as  of  the  conesponding  sanuated  ketones  {V)  and  (X).  A  series  of  rarw  hydrocaiboriS 
containing  the  benzihdsne  skeleton  was  synthesized. 
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N'ALKTLURETHANES  AND  SOME  OTHER  DERIVATIVES  OF  NAPHTHOLS 

AND  AR-TETRALOLS 


1.  M..  Llpovich 


The  purpose  of  the  pteseni  investigation  wns  the  prep«:Ation  of  ^j-substltuted  ureth&nes  of  xuiphthols  And  at* 
tet'Alols  of  the  type  of: 


where  R  =  R*=CH^  CjH*.  C,Hv.  QH,  iso-CtHu.  (CH,C  or  R  =  H;  R*=Aryl  or  Alkyl. 

The  starting  substances  were  chloroformlc  esters  of  naphthols  and  arnecaols  which  were  obtained  by  reaction 
of  a  benzene  solution  of  phosgene  with  the  respective  naphthois  o:  ar-tetralols  in  presence  of  dimethylaniline;  some 
of  them  had  ivot  previously  been  described  m  the  liieratu  e.  The  majority  of  the  chloroformic  esters  proved  to  be 
stable  sijbstarces  and  could  be  isolated  in  the  pure  »tate.  a-Tet:alyl  chlorofotmate  was  less  stable  and  appreciably 
darkened  even  after  keeping  for  a  short  petiOd. 


Esters  of  N-alkylcarbamic  acids  (urethanes)  were  obtained  by  cor^ensaiion  of  chloroformates  with  aliphatic 
amines.  The  co'KlensaiiO':  was  effected  by  adding  a  benzene  solution  of  the  chloioformaie  to  an  aqueous  solution 
of  tlie  amine  (2  moles  amine  to  I  mole  chioroformate).  In  tnese  conditions  the  amine  hydrochlcride  formed  ai  the 
same  time  as  the  N  alkylurethane  passes  L'lo  aqueocs  scU-iion  while  the  waiej-ir  solubility  of  the  N^lkylurethane 
permits  it  to  re.ma.n  in  solution  in  the  berzene.  Favorable  condit  ops  were  thus  created  for  the  isolation  of  the  ure¬ 
thanes  w  a  sufficiently  pure  form.  In  the  majority  of  cases  the  prepared  urethanes  were  subjected  to  vacuum  dls- 
tillat.on,  and  some  of  inem  crystallized  after  d istillaiiO”  The  Utter  were  ther  recrysullized.  Those  compounds 
which  could  not  be  vacuum  distilled  due  to  decorripositjon  we  e  purified  by  TecrystallizatiOn. 

.\part  from  the  above  •mentio.’ied  reaction  of  condensation  with  aliphatic  amines,  wc  performed  the  con* 
densatior  of  chloroformates  of  a- and  .-.-naphthois  vnth  di  -(2-chloroeinyl)-amiae.  condensation  conditions  being 
found  tha»  enabled  the  yield  of  the  cD'Te$po»'dirg  urethanes  ic  reach  HO^Ioof  tficory  (fo'  details  see  the  e.xpeiimental 
part). 

We  we.'e  also  iritetesied  in  compounds  obtainable  by  co”de’‘sa*lon  of  chlo’oformates  of  ar-ietialols  wiih 
anihranilic  acid  With  this  objective  we  p'epa'ed  apoJi  poir.  the  i«nzwr.  5  lerahydionaphtliyl  ester  of  2-ciirboxy- 
plienylcAibamic  ai.id  [1]  u»e  p  eviously  .j-dcsc'ibcd  c-te:ia;;^ionap!ithyi  ester  of  2  ca'hoxypJienylcarbamic  acid: 

ARfl  > 


We  also  describe  the  a- and  z  tet’ahydrop.apihyl  este-s  of  phe'-vkaibam'.c  acid  since  we  were  .irable  to 
find  these  compounds  described  in  the  literature  Their  p'epi*ation  witn  the  help  of  phenylisocyanate  was  con- 
side*ably  accelerated  by  addition  of  a  trace  of  alumlrunr  chlo’ule  All  tne  derivatives  of  N  substituted  carbamic 
acids  that  we  prepared  were  spa'ingly  soluble  in  watt/  a  d  ve'y  ’eadily  soluble  in  organic  solvents.  An  attempt 
to  inc.rease  the  solubility  in  water  of  tiiesc  compounds  by  p'epa,'irig  their  salts  was  ori successful. 


We  also  prepared  ilie  benzyl  ethe's  of  a’-tet'alols  by  reactio*'.  of  a*-  aitotiolic  ilkaluie  soluticn  of  ar  -tetralols 

with  an  alcoholic  solution  of  benzyl  chloride.  The  benzyl  cthe'S  of  ar  ret'.alols  are  high  boilmg  liquids  which  darken 

on  sr.aoding.  _  _  . 

^  experimental 


Gereial  Method  of  Preparation  cj  N-a  1  k  vl  ure  tha.r  e  s  of  Naphthois  and  Ar-Tetialols 
A)  PtepAratiorr  of  chloroformates  of  ’'Ap.ntlmls  and  tetra.loi&  To  a  15%  beozene  solution  of  phosgene  was 
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g-adually  added,  with  cooling  and  mccharucal  siining  the  appropiiaie  naphiSol  oi  tetralol  dissolved  In  a  mixture 
of  benzene  and  dlmethylanlline.  After  the  solution  had  been  added,  Stirling  was  continued  for  an  hour  at  room 
temperature.  A  precipitate  soon  appeared.  diincihylap_llme  hydrochloride.  The  substances  were  taken  In  the  fol¬ 
lowing  proportions:  1.2  moles  phoagene  and  1  mole  dimethylanlline  per  mole  of  naphthol  or  tetralol.  The  re¬ 
action  mixture  was  left  overnight,  the  next  day  10^  hydrochloric  acid  was  added  to  the  cooled  solution  and  the 
aqueous  layer  containing  the  dimethylaniline  hydrochloride  was  separated.  The  benzene  solution,  containing  the 
chloioformate  of  the  naphthol  or  tetralol,  was  washed  with  water  and  dried  with  sodium  sulfate.  The  benzene  was 
distilled  off  in  vacuum  and  then  the  residue  distilled  ir  vacuum. 

b)  Cor.der.sat lor,  of  chlorof or  mates  of  naphthols  and  tetralols  with  amines.  To  an  aqueous  solution  of  the 
ami.'ie  is  gradually  added,  with  cooling  and  mechanical  stirring,  a  ber.zene  solution  of  the  chloroformate  of  the  uaph- 
thol  or  the  tetralol.  In  the  majority  of  cases  the  chloroform  ate  s  were  used  without  isolating  them  In  the  pu’C  foiin, 
i  e  they  were  used  in  the  fotm  of  the  benzene  solution  prepared  as  described  above. 

Ln  our  investigation  ve  used  mainly  50^  aqueous  solutions  of  amides  (tn  isolated  cases.  20*^),  for  example 
i'.  co'^rder.satio'i  with  dimethylaniline,  sometimes  we  used  benze.ne  solutions  of  amines,  e.g.  in  coraiensatiorj  with 
r.  o-tylamir.e. 

After  the  addition  of  the  chloroformate  of  the  naphthol  or  tetralol.  stirring  is  continued  at  room  temperatu'e 
for  2  -  2*'  hours.  The  aqueous  layer  is  separated  from  the  benzene  layer.  The  benzene  solution  is  washed  several 
times  with  water  and  dried  wiih  sodium  ‘ulfaie  before  the  be.nzene  is  distilled  io  vacuum.  The  residue  is  distilled  in 
vacuum  A  second  disullation  was  occasionally  cartied  out  When  crystalline  compounds  were  formed,  these  were 
reciystallized.  2  moles  amine  were  taken  per  mole  ester  in  condensation  of  chloroformaies  of  naphthols  and  tctia- 
lols. 

I.  CMcioformates  of  Naphthols  and  Tetralols 

1.  c  Naphthyl  Chloroformate;  a  liquid  with  b.p.  139-140*  at  7-€  mm. 

5  530.mgsubsia.ee:  3. 812  mg  AgCl  6  025  mg  subnanre:  4.120  mg  AgCl.  5  883  img  subsiance; 

13  750  mg  CO;.  1.851  mg  11,0  Found  Cl  17  05.  16  89.  C  63  74.  K  3.52.  Ci^HtC^CI  Calculated  ‘5b: 

Cl  17  19.  C  63  92.  H  3  39. 

2.  B- Naphthyl  cblo.-ofo.'^p^atje:  »  b.p  14G  147*  at  8  9  mm.  Rapidly  crysiallizes  M.  p  60-62*  (f:om  hexane) 

4  368  mg  substance.  3  070  mg  AgCl  6  000  irg  substance;  4.170  mg  AgCl.  Fou-id  •%:  Cl  17.40,  17.19. 

C^jH-O^Cl.  Calculated ‘5b:  Cl  17.19. 

3.  a^Tecalyl Chloroformate:  liquid  with  b  p.  143*  at  12  mm  Darkens  on  standing. 

5 -Teral yl CMo’ ofo-mm  •  •  Liquid  with  b  p  133-134*  it  7  8  mm. 

3  CuO  mg  iubsiance.  8  451  mg  CO,  1.670  mg  H|0.  8  574  mg  subsiar  ce.  5  815  mg  AgCl  FOind 

C  62  97  H  5  11  Cl  16.77.  CuH,jO,Cl.  Calculated  ‘5b;  C  62  70.  H  5.22.  Cl  16.86. 

II.  N-ai>>1“  a'd  N-Aiyl  urethanes  of  Naphthols  and  a:-Teiralols 

fl^N'-P^ihyl  Dimethylcatbamate  e.<  .BH.jOCON{C HQ, 

f  p  191-192  at  11  12  mm.  It  crystallizes  aftei  lengiby  s’anding  (1  -  ij"  ipontr'S).  C’yslallization  se's  1' 
apidly  after  seedir'g  Mp  .52-55  (from  ligroinc).  Colorless  crystals  insoluble  i''  water,  soluble  in  o.ga*  ic  sol 
ve-jts 

5  020  mg  substance  13  43-5  mg  CO,.  2  745  mg  11,0  4  693  mg  substa'-xe  12.5  13  mgCO,  V  5'’7rrg 

9  t.'  0  mg  substar-f  e.  0.577  ml  N,  (20*  730  rm  ,  Fou'al  '5b-  C  72. ‘j2  72  90.  H  6  12  6.14  6  68 

C.vHi.aN  Calc -lated  ‘7.-  C  72.55,  H  6  05.  N  6  60 

2.  a  -Naphthyl  Dletr  jliarbamate. 

F-om  16  5  p  a -apnthol  Is  obtained  23  g  s-jbstdtce  with  b  p  201  202*  at  10  li  mm  Crvsi-llizes  qoici«l» 

Two  »ec-yg«lIizatiois  fcom  hexa'e  give  fai.ntly  coUved  ciystals  with  m  p  59  61*  Insoluble  i  ware-  ve-y  -eadily 

This  chlo-ofc>mate  was  p-eviojsly  prepared  in  presence  of  quioolire  [2]  with  m  p.  65  66*  a.- d  ir  p  eserxe  of 
dimethyla.-ilre  p]  war  m.p  57* 

S  Tet  alyl  cblorofo-m;a.e  is  mertiorcd  in  tlie  p.’e'r  lite-a  u-e  b.t  w!tho.;t  indication  of  its  co'.su'ts  and  a*alysi$ 


850 


I  sol 


s(^ub!e  in  Alcohol,  llgroinc  And  bexAne. 

3.619  mg  substance:  9.853  mg  CC^-  2  277  rrg  i^O.  3.107  irg  Mibsurxe:  8.417  rog  CC^J  1.883  tng 
H»0,  4.578  mg  lubiiAnce:  1.90  ml  0.01  N  HySO^  for  combLnL'.g  with  the  NHj,  Found  1b:  C  74  25, 
73.88;  H  7.04,  6.79;  N  5.81.  Calculated  1b;  C  74.07;  H  7.00;  N  5.76. 


3.  «-h 


Mhyl  n-Dii 


A  liquid  with  b.p.  201-202*  at  7  mm  was  cbtiir.ed  !nsolub?e  in  water,  readily  soluble  It  oxgasi: 
solvents.  Yield  651b  of  theory. 

5.218  mg  substance:  14.413  mg  CQ.  3.610  r'f,  .^O  12.911  mg  substar^ce:  4.66  mJ  0.01  M 
for  comblnlr.g  with  MHj.  Fourdlb;  C  75.33;  H  7  74  5  06.  Calculated  1b;  C.  75.27; 

H  7.75;  N  5.16. 


From  18.5  g  a  Taphthol  is  obtai-ed  25  g  sr^bsta^xe  with  b.p.  235  23r  at  10  mm..  Iraoluble  t  water, 
readily  soluble  in  organic  solveiiis. 

5.196  mg  substarxe:  14.376  mg  CC\.  3.900  mg  H^O  7.715  mg  subsunce:  2.62  ml  0,01  N  H^SO^, 
for  combini.ng  with  ^cu'd  1b:  C  75.45:  H  8.40,  4.75,  Calculated  lb:  C  75.79? 

H  8.07;  N  4.91. 

5.  A -Naphthyl  r.-g;;tylca‘barrate 

In  this  case  the  benze.ne  solutlo-.  of  a  napr.±yl  c. hi ocofoi; irate  is  fi!st  dried  thoroughly  and  dier.  r<tn- 
densed  with  the  benae.ie  solution  of  n  b^tylimine.  A 'ter  removal  of  the  n  ivctylamir.e  hyd.rochlo.’ldc,  the 
bcnnene  solution  Is  evaporated  to  dryness  it  vacutm.  The  *esidi-e  is  recrysulllzed  from  alcohoL  From  9  g 
a -naphthyl  c’Joroformate  is  cttained  4  1  g  substance.  fainUy  colored  crysuls  in  the  form  of  ptisms  with 
m.p.  C9-72*.  Insoluble  in  water,  -.jadily  scluple  it  organic  solventa 

4.340  mg  subsunce:  11.749  mg  '.O^-  2  H53  mg  r-O.  3,882  rrg  s'.bstanxe:  10.508  mg  CO^'  2.604  rr 
HjO.  5.960  mg  s.bsta'ce;  0.317  m]  S  f27‘  7;<o  mn?;.  7.390  mg  sjbsunce.  0  392  ml  N;^  (27'",  730 
mm).  .Pound  1b:  C  73  83,  73.82- 7.35,  7  2i-,  >  5.8I,  5  r  CAkuiateo  1b;  C  74  07: 

H  7,00.  N  5.76. 

6.  a '-Naphthyl  Dlisoamyk.a''Pi.m»te. 

The  compound. was  p-epa  ed  br  tns  g5r-2.».3.  rrct.'-of’.;  b-. '  r onden,vitior  of  tnt  om.'phthyl  rrlorefor 
mate  with  the  aqueous  solutio:.  of  diisOtirylarr  i-e.  vCk  b.ie  G.-.isoa.'rylimin*-  hvirochlcric.-  rs  p.e 

cipiuted.  Consequently  prio’^  ro  sep^'irio'  c*  -.q  -'-o"; Eot-  *■»-.»  b^-ze-'e  Uye*  rh*  dlisns'-'-Urrlrr' 
hyd.'’or hloride  is  -enioved.  Pu..t.-ier  vxo  .‘■i.-'g  uo  is  r.Vi  at  irt.rc-'*.  Two  Vj.cuum.  disiUlatiors  g.i'-;-  a 
subsunf.e  with  b.p.  226-227'’  a:  6  mrr  rssld  70^  ?*  rr-ec.. 

6  299  mg  Substance  I7  748  mg''3^  4  83'  r  r  c  *  4.  :9‘!  irg  s.bsti'c  s.  1,24  it’.  0  Ji  '  ■ 
for  corrblrdng  with  '■iH..  'O.'d  4o  76. n-  -  8  *•  4.i7.  I'h  N.  Ivi-  .l-re'  =V-  '  .u 

H  8  87.  N  4  28. 


a -Naphthyl  n  PUm.yltw.  D*m.v.v:. 

Reaction  cor.dilio-'s  ard  D  O:to_‘e  fc.  a=p.? 
pale  -green  product  bad  b  p  224  225'  if'  6  irr  : 


V  wt.  '  ,  sc.-r  .'  «5  i~i  trv:  p‘C:Adi’’g  e*pf-.'ime' 

G(>*.  '.f 


5. 944  mg  substance  16.769  rrg  .' "i  ,  4.63.7  mg  v'  i  J.  750 '"g  >.b£'-#..'--ce ;  0.410  m 

733  mm)  found  1b.  C  76.94.  b  82-  r-i  4.2e.  r .wCul^ted  "b.  C  77.06.  8  o‘ 

8.  a-  N.aphth>l  Pi  <2^.  r.ln  osL-y';  rs.  P  ~tr  -i.v.  ;  *•.- 

10  g  di-(2-chloroethyl)airL' e  nyd  cchlc  la*-  is  c.s-r  n;'  r:  lo  rr  -.arei  »  -d  sri.'jrd  wiih  »n  aqiir* 
tion  of  albali  (2  3  g  NaOH  I'  15  ir!  ws'C’)  a'  C'  T"  r't  s'  n-i.n-.  of  di  -^2  <  hJo-oetr  .3' -.n- i-ar  ..'r  -  i.: 

.rally  added  simtitaneously  1'.  the  cox-se  -f  j-  hr  >•?;'  i”C''  t-  corlitt’  ''0*6  .  ^ 

form  solution  of  a  r.aphthyl  cbl0;.x:fo'rr? *2  g  -s't  i'  18  ir’  c*'-'.'cf'':rr)  a'-d  a'’  alM’i  so;tticr-  >  «  hr 
In  25  ml  water).  The  chlorofo-m  so:.*iO.'  is  ihi'  se.tit.  ._-.2v-  c-tr"  ‘xt  ^q-socs  ’aver.  Tr.^  n>'.rf'u..n-  L  a..-'.'n 


off.  TU  residue  i*  distilled  in  vAcuum.  A  peoduct  is  obuincd  with  b.p.  222-223*  at  4-3  mm  and  very  quickly 
ciysullizing.  Yield  16  g  or  80^  of  the  theoretical.  After  recrysialllEation  from  alcohol  the  m.p.  Is  81-63  . 
Coloiless  crysuls.  insoluble  in  water,  soluble  in  organic  solventt. 

3.441  mg  substance;  7.286  mg  CO^:  1.595  mg  H,0.  3.124  mg  subsunce;  6.600  mg  Cq,;  1.435  mg 
1^0.  7.9Q0  mg  substance:  0.318  ml  N,  (24.0*.  728  mm).  8.620  mg  subsunce:  0.336  ml  N|  (24.0*; 

728  mm).  6.034  mg  subsunce;  5.439  mg  AgCl.  Found  C  57.74.  57.62;  H  5.18,  5.14;  N  4.41, 

4.29;  Cl  22.30.  Cj|H|,0|NCl|.  Calculated  ‘Jt:  C  57.69;  H  4.80;  N  5.49,  Cl  22.75. 

9.  fl“Naphthyl  Dlmethylcarbamate.  • 

Prepared  by  the  general  method.  A  20^  aqueous  solution  of  dimethylamine  was  uken  for  the  reaction. 
After  the  solvent  had  been  driven  off  in  vacuum,  the  residue  crystallized  M.p  96-98*  after  3  recrystallizationt 
from  alcohol.  Colorless  crysuls.  insoluble  in  water,  readily  soluble  in  organic  solvents. 

4.011  mg  substance-  10.723  mg  CO^i:  2.257  rr»g  H,0.  7.00  mg  substance:  0.397  ml  N,  (20*.  743  mm). 
Found  %:  C  72.91;  H  6.29.  N  6.42.  CuH^jO^N.  Calculated  %:  C  72.55;  H  6.05,  N  6.50. 


IT).  S-Naphthyl  Dletbylcarbaroate. 

The  compound  has  b.p  203  205*  at  11  mm.  Rapidly  crystallizes.  M  p.  56-58*  after  two  recrysulliza- 
lions  from  hexane.  Colorless  crystals,  insoluble  in  water,  very  easily  soluble  in  organic  solvents  ‘Yield  70^  of 
theory. 

4.420  mg  Substance:  11  948  mg  CC\.  2.77C  mg  H,0.  3  882  mg  substance:  10.501  mg  COj,  2.395  mg 
HjO.  6  890  mg  substance.  2.85  ml  0  01  N  H,SO^  for  combining  with  NHj.  6  834  mg  substance;  2.81 
ml  \01  N  H,S04.  for  co/nbuiing  with  NH^  Found  %:  C  73.72.  73.77:  H  7.01,  6  90;  N  5  79.  5.75. 

CjjHitOjN.  Calculated  <511.  C  74.07;  H  7.00:  N  5.76. 

1 1.  £-Napririryl  n -!»uivIcaroamate  5  CuHtOCON.M/C^H^. 

Prepared  l.n  the  condition'  desc'^ibed  above  for  U'^aprfithyl  ri  b itylcarbam.ate.  The  co.mpound  is  firs*  »ccrvs- 
tallizcd  from  a  mixtu'e  of  Iigroine  and  benzene,  atKi  ther-  f^cm  alcotiol.  m  p  121-123*.  forms  plaielets,  in¬ 
soluble  in  water,  readily  soluble  ir,  organic  soivents. 

3  772  mg  substance.  10.288  mg  CO,  2  471  mg  H,0.  3  710  m.g  sub'Unce;  10.059  mg  CO,  2  379  mg 
H,0  8  320.mg  substance.  0.431  ml  \  (27.0*.  729  mm)  6  285  mg  subsunce:  0.327  ml  .S,  (25.6*, 

730  mm)  Found  C  74  38.  73  95,  H  7  33.  7  17.  N  5  C6.  5.72.  Cu,M^rO,N.  Calculated  <51..  C  74  07., 

H  7  OC.  N  5  76 

12.  S -Naphthyl  Di-(2-chIoioethyl>carbamate. 

The  reaccon  was  ;>.*  formed  and  the  compouiKi  worked  up  as  in  the  lase  of  a-*"aDhThyl  di  ■(2'^  hlo»oethyl)f  a*- 
bamate  A  compound  vnasobtamed  with  b  p  233 •237'' at  3  mm  0*1  -ec* ystallizaiion  from  alcoi-oi  it  fo-rred  small 
needles  with  m  p  C5-C8*  Yield  Ci^^c  of  U,eory 

3  985  mg  substance  8.371  mg  CO,.  1  r.45  mg  H,0  7  635  mg  .aibstar^e  0  312  ml  S  (24*  728.5  mm) 

565  nig  sub  tance:  0  316  ml  N,  (24  0*.  726  5  mm)  4  855  mg  substance  4  385  mg  AgCl  houtxJ  *5^. 

C  57  28.  H  4  62.  N  4  50,  4  52.  Cl  22  .34  *-u,HuO,NCl,  Calculated ‘5b.  C  57.69  H  4  80  ’v  4.49  Cl  22  75. 

13.  c-Tct*ahyd-onaphthyl  Dieihylca*hamate  ar  -C;>H,,OCO\(C>H,i^|l 
Li’.;uid  with  b  p  1M-192‘  at  ’.3  mm  Yield  70‘^  of  tlic*  meofetical 

3  0:0  mg  substz'.ce  8  218  m.g  CO,.  2  309  mg  H,0  7  3S5  mg  substance;  0  370  ml  S  (22*  733  mm) 

FOund  ‘5d.  C  73  Cl.  H  8  ‘.2.  N'  5  59  C^H,,0,N.  Calculated  ‘Jc:  C  72  8  7.  H  8.50,  hi  5  67. 

14.  a-Tetrahyd-oraphrbyl  n  Dilv..!y!cajbamate 

From  18.5  g  a  -teiialol  was  obta  ned  20  g  substance  with  b.p  215-21"*  at  8  mm. 

•  Previously  obuiEed  by  re.ctirg  Dimeihylamine  with  d-naphthyl  chlorofo-mate  p]  m.p  92*. 
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6.0B4  mg  substance;  14.100  mgCC^;  4.237  mg  liCBO  mg  aihsunc*:  (LfitSml  fL  (21*;  726.5  ninX 
Found  C  75  631  H  S.32,  N  4.75.  Calcdaicd  C  75.25Ui  9.&7i  84.62. 


Litgiid  with  b.p.  192-194  at  8-9  mm.  It  crystallizes  on  standing,  but  sometimes  the  psocess  of  ciystalliza* 
tion  continues  for  several  weeks.  After  two  recrysuJlizations  fmm  alcohol  it  forms  colwlcss  crystals  with  iii.p. 
62-64*. 


3.806  mg  substance:  10  239  mg  CO^;  2  882  mg  ^,0  5  302  mg  subsunce:  2.12  ml  0.01  N  l%SO^ 
requL*ed  for  combining  with  the  NH^  Foa’d  4».  C  73.36;  H  8.47;  N  5.60,  Cu,H^;O^N.  Calculated 
C  72.87;  H  8,50.  N  5.67. 

COOH 


16.  a -Tetrahyd-oiaphthvl  2-Carboxvpher y lcai-baim.te  a-  a-C:*H-OCON]i 


To  a  benzene  solution  contaL'ing  a-tetralyl  chlO;ofo!mtte  (p.epa*ed  f'.om  50  g  a-cetralol  by  the  above- 
described  method)  is  added,  wlih  cooling  ard  stt»-!L’'-g.  46  g  anth'-a^JLlic  acid  After  the  acid  has  been  added, 
stirring  Is  co -tinued  for  several  hours  at  room  tempeiatuie  and  the  mass  is  left  till  the  next  day.  An  aqueous 
solution  of  KOH  (10  g  KOH  In  100  ml  water)  is  then  added,  with  cooling  a'>d  mechanical  stirring,  and  stining 
afterwards  continued  fo'  sevei-al  houis.  The  pecipitate  is  filte»ed.  washed  several  times  with  hot  water.  After 


two  re  crystallizations  imm  alcohol  a  s.Abs:ance  with  m.p  167  169*  (with  decomposition)  is  obtained.  Insoluble 
in  water  soluble  In  alcohol  acetoce  and  chlorofo.’m 


3.583  mg  substance:  9  128  mg  CD,  1.7SC  mg  HjO.  3.742  mg  s.;bstacce:  9.530  mg  Cf\;  1.820  mg  HjO. 

8  6C8  mg  SubsU'-ce  0.367  ml  .X  (27  5'  724  .tit;.  8  387  mg  srbstancc.  0.351  ml  N|  (26*.  724  mm). 
Found  ‘fc:  C  CS  48.  69.46  .H  5  60  5  45  S!  4.58.  4  58.  Calculated  C  69.45;  H  5.46;  N  4.50. 


17.  fl-Tetrahydto.-’aplithyl  ^■erylc.a.’^bamate.  a- 


To  20  g  a-tet’alol  is  added  20  g  pne-^ylisoc  ya'-ate,  solution  is  effected  by  heati“g,  and  the  maurs  is  left  at 
roo.'T)  iempe'ata*e  for  7  days  the  p'ecrpita’e  is  the”  drained  washed  several  times  with  ligroine.  Two  rccrys- 
ta]li7.4tiO''s  (f.’o.T!  aJconol-aceto’e  and  the*'  fccio  acetone^  gave  10  g  wi:h  m  p.  le^-ni';  fine  c.*7stal$  m  form  of 
needles 


3.561  mg  S'.bsia'ce:  9  998  mg  C 2  015  mg  m.O  6  C74  mg  Sibstancer  0.315  ml  Nj  (23*.  729  mm). 

7  206  mg  Substance  0  347  ml  \  (23'  729  mm)  Fo.Td  *5!!.  C  76.67.  H  6.33:  N  5.22,  5.33.  Cj7Hj7<^N. 
Calculated  ^  C  76.40:  r*  6  36,  S  6  24 


18.  6-Tett*.hyd  3;.»p.''*^yl  th»e*wlcarbi.n:ate 


To  25  g  ,6-tet'alol  is  added  25  g  phe'. y''isoc  ya  ate,  sol,j».o*  .s  eife.tta  o,  heatmg,  a'd  addition  is  then 
mr.de  of  aface  of  altmi'  jir  cn’o''de  C  •ystillizaiiO'  is  coirpiete  after  a  d.,v  The  crystals  are  drained  ad 
washed  with  llg^oi'e.  ' leld  4C  g  ..  pjrifjcd  s..bs*a'ce  151  152'’  aite*  t.'i'ce  •ec^'yEtallizations  bom  ace¬ 

tone.  white  Teedles. 


2.065  mg  s-^bsis'ce  8  600  .rg  C  a.  1  725  irg  H.O  t  035  mg  s.bsti-  ce  0  388  m.l  N,  (22  5*, 
741  mm)  7  14.5  mg  s.bsiA'xe  0  333  ml  \  (22  5'  743  5  i.  m)  Fo.  d  6b.  C  76.51.  r*  6  30. 

S  5  44.  5  27  C^,h.-0.  ^  Caic.lated  6b  C  76  40  -  6  30,  '•  5  24 


^*Tet’alyl  -e  ivl  Etl^e^  i  <  O^.' 

To  9  3  g  KOv  1-  40  H’l  absqijte  alcohol  is  adoed  22  2  g  a  ter  *irl  with  heating  addilio''  is  then 

made  vo  the  solutio'^'  of  an  alcoholic  sokiio-'  of  benzyl  cdoride  (38  g  benzyl  crTo'ide  f  ao  ml  alcohol)  feating 
is  then  conti’’L*ed  fo'  2t  hou’s  Aftc'  coolfg  the  /Cl  is  filte’ed  eff  Tiie  /lico'.ol  isd'ivcr  off  and  the  residue  is 
diluted  With  water  and  extracted  wbh  ethe*  T.hc  etl'C' exfact  is  washed  seve  al  times  with  Cialse  .  mlxtu'e  aid 
the.'i  with  waie»  a’d  d'kd  wiihi  calci'.tr  cpio'ide. 

The  etr^er  is  d  ive-  off  .^d  ih^e  'esrdue  distilled  i”  var  ..m  Tne  t)e-z»l  ethe*  of  a  tevalol  fjrms  a  light- 
yellow  liquid  with  b  p  195  196*  at  9  mm  Colo-  cha-ges  to  .hiC-::-;  'ed  '••n  su  di  g  A-j!ysis  fo'  nyd'oxyl  g'ojp 
gave  a  negative  "es.lt. 

3  500  mg  s.bstance.  11  03«  mg  CO,.  2  305  mg  rlkO.  Found  6*.  C  86  01  H  7.36, 

Calculated  6k:  C  86.71  n  7,56. 
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20.  fl-Tetralyl  Benzyl  Ethe^. 

Prepatd  in  the  above-desrtibed  conditions  for  the  benzyl  ether  of  nHetraloL,  The  benzyl  ether  of  6-ietinlol 
is  *  liquid  with  b.p.  16M71**t  5  mm,  insoluble  in  water,  easily  soluble  in  organic  solvents. 

4.195  mg  substance:  13.215  mg  CO^;  2.784  mg  H|0.  3.624  mg  substance:  11.435  mg  CC^:  2.411  mg 

H,0.  Found  Ifc:  C  85.91,  86.05;  H  7.43,  7.44.  C„Hi,0.  Calculated  V  C  85.71;  H  7.56. 

SUMMARY 

Condensation  of  chlotoformates  of  naphthols  and  ar-teualols  with  aliphatic  amines  yielded  a  series  of  their 
N-alkyurethanes  not  pteviously  desciibed  in  the  litetature.  .Several  other  derivatives  of  naphthols  and  arneualols. 
likewise  undescribed  in  the  liteiatute,  were  alto  prepared. 
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THE  PROiil  EM  OF  THE  SYNTHESIS  OF  SUBSTITUTED  CYSTEINES 

II.  THE  POSSIBILITY  OF  RISING  SUBSTITUTED  HYDANTOINS 
FOR  THE  PREPARATION  OF  B,fi-DIPHE.NYLCYSTEINE 

T.  A.  FavorskAyi  A«d  L.  A.  Rerolzovi 


In  the  fira  comnriunicAticMi  fl],  It  w&s  shown  tlut  the  tea.ctior  of  diphenylacetAldehyde  and  dipherylglycol* 
aldehyde  with  KCN  and  Nh^Cl  in  aqueous  ethereal  solution  proceeds  rraWy  with  iormation  of  hydroxy-*  and  ctiny- 
droxynitiiles.  the  yield  of  the  corresponding  amino-  ard  hydroxyan*L’;oni tiles  beir^  very  small.  Moreover,  hy¬ 
drolysis  of  the  isolxed  hydrochloride  of  a-aminO'B.d-dipherylp'opiOT'iirile  showed  that  this  compourul  is  very  uii“ 
stable  and  readily  uiKleigoes”  both  in  an  acid  and  an  alkaline  medium  “various  transformations,  leading  to  short¬ 
ening  of  the  chain  of  carbon  atoms,  to  formation  of  simpler  compounds  (benzhydrol,  diphenylacetaldehyde  and 
dlpher-ylacetic  acid).  An  attempt  was  therefore  made  to  prepare  a  -amLio-B.B-dipher.ylp'-opionic  acid  by  another 
route,  ' 

Or.e  of  the  methods  of  syr? thesis  of  fl-amino  acid*  is  the  hydrolysis  of  the  coriesponding  substituted  hydan- 

tolns. 


In  li*34  Efe.cherer  and  co -wo'ke-s  [2  3]  developed  a  rretnod  of  p*epa:atior  of  hydanioLns,  starting  from  al¬ 
dehydes  and  ketones  which  were  reacted  with  KCN  and  ammonium  carbonate  in  aqueous  alcoholic  medium.  By 
replacing  the  aldehydes  by  iheL»  bisulfite  derivatives,  the  authors  avoided  the  resinificaiion  which  usually  occurs 
when  the  reaction  is  carried  with  tne  aldehydes  themselves.  The  authors  believe  that  hydantcins  are  formed 
via  the  following  series  of  i'.!te»mediaies  hyd’C'xy’fitrile  amino'-.it'ile,  and  ca’bamic  acid:  the  latter  is  unstable 
ard  uijdcrgoes  Intramolecular  re-i-rangeinent  1"  the  i-stani  of  its  fo.’iratior.,  L'to  another  unstable  compound  which 
ill  turn  leananges  into  tne  stable  hydantoin. 

Otlier  authors  [4J  liad  investigsied  the  p  epdi'*r?o'.  of  v»r!C.-js  h>da’'toins  by  a  similar  method  about 
the  same  tune  as  Bucherer,  b,.t  using  a  higher  temperat  jie  and  s  pressure  of  2-8  atmospheres.  They  believe  that 
the  carbonyl  compound  reacts  with  KCN  and  am.monium  carbonate  ir.  its  enoi  form.  Their  reason  foi  sc  dunking 
Is  that  .ketones  whose  ca’bonyl  g^oup  is  linked  to  two  aiomatic  'adicals  e.g  benzophenone,  a'c  recovered  un¬ 
changed  in  this  reaci.on.  whereas  be^izylphenyl  ketOfLC  -  which  is  capable  of  e:.olization —  forms  a.n  hydantoin  with 
good  yield  Recently  howeve*  conditio's  we’e  esiablisned  [5]  fo  I'.-e  p-eparation  f’om  dia'yl  ketones  of  the  cor¬ 
responding  S.o-dia'-ylhydantoirs  i-  over  yc-^  yield  this  shows  mat  enolization  is  not  ari  essential  condition  foi 
’^eaciion  of  ca’^bonyl  compounds  with  poiassivm  cya'ldc. 


The  fafiration  cf  a  hydantoin  may  be  explained  rr-O'e  sjrply  by  >ss.ipLng  that  tne  ifiiti*lly  iormed  amlno- 
niiiile  hydrolyzes  ir,  an  alkaline  medium  to  tne  amino  arid  amide,  which  reacts  with  CO^  to  foim  the  hydar.toin 

(Ri,C=0  (PhC-'-rty-C  (R)yC'vH,-<^  -r  /C 

1  f 


\ 


NH,  6  ~Hf.O 


NH-CO 


CO-NH 

•  1 


In  recent  yea’s  investigaio’s  have  shown  g’eatly  mc’eascd  inie’est  M  die  synthesis  of  hydantoios  because 
scmccJ  these,  fox  example,  5,5-cthyJplienylhydantoir:  {ni’va'ol)  i'-d  5  S-dipne-ylnydantoin.  (dilactinj  pos.se$s  an 
anticonvulsant  activity  and  a.c  used  for  t’eatme’'t  cf  epilepsy  [Gl  Moieove.,  substituted  hydantoirs  serve  as  a 
soa’re  of  o  -amiriO  acids,  fo-med  as  a  resjli  of  thei'  hyd'oly>!s  Howeve'  'te  hydiolysis  of  hydartoLrs  is  not 
so  simple  because  hydantoirs  are  stable  towa'd  dilute  acids,  evc'".  boili’g  co''i''e'.trated  hyd’ochlotic  acid  has 
no  action  on  them,  and  A(fJo  s-.ilfaric  *  only  p^nly  hyd  olyzes  them.  Complete  hyi'-olysi.-  tan  only  be  effected 
with  00*5©  sulfoiic  acid  by  heating  to  120-130*  [2]  1".  this  way  Kicherer  succeeded  i'  pfep*riPg  ’he  corresponding 

amino  acids  from  5,5-dImethyl- and  oinethyl-S-ethyihydantoins 
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Hciiiim  oi  hydAf.toi^vs  with  dilate  caustic  alkalies  [7]  btlngs  about  hydiatioa  of  the  ring  and  formation  of 
hydartofc  acid.  From  the  latter  tne  hydantoini  can  be  regenerated  by  heating  with  dilute  mineral  acids  [Bl, 
Sometimes  a  hydatitoic  acid  can  be  converted  into  an  amino  acid;  thus,  W.  A.  Menshotkin  [9]  obtained  glycine 
by  heating  h/dantoic  acid  in  a  sealed  tube  with  hyd^iodlc  acid  for  20  hours  at  160-170*.  The  best  method  of 
hydrolysis  of  hydantoins  -and  the  one  in  use  at  the  present  time  -is  heating  of  hydantoins  with  barium  hydrox¬ 
ide  in  aqueous  solution  in  a  sealed  tube.  By  this  method  hydantoins  hav«.  been  converted  into  such  amino  acids 
aslysL'.e  NH|-(Cl%)4-CHNl^-rOOH  [10.11]»  seilne  CH(NH|)-COOH,  cysteine  HS-CH-CH(NI^— 

-COOH  nZi  methionine  [13]  CH^H,-CH,-CH(NH,)C00H.  etc 

After  failing  to  ptepare  a-amlro-6,6<liphenylproplonlc  acid  by  the  action  of  KCN  and  NH^i  ®tt  diphenyl- 
acetaldehyde,  we  decided  to  attempt  to  prepare  this  acid  by  hydrolysis  of  5  benzhydiylbydaMoi"  (I).  This  bydao- 
tolr  was  prepa<’ed  in  1950  [6]  in  44^  yield  by  the  leactioir  of  diphepylacetaldehyde  with  KCN  and  ammonium 
ca’bonate  when  heated  at  110*  under  pressure.  The  author  prepared  d*  phenyiaceuldehyde  by  a  rather  complex 
method  starting  horn  formaldehyde. 

We  prepared  the  hydantoin  in  76^  yield  by  Bucheret's  method  (2,3].  Heating  of  the  bydantoln  with  60^ 
s  lfiTic  acid  at  130- 140*  for  an  hour  had  no  result  apart  ftom  formation  of  resins.  Tte  hydantoi?  was  iccovered 
„rcha'ged  afiei  prolonged  boiling  with  concentrated  hydrochloric  acid,  as  well  as  after  boiling  witn  hydrlodic 
•cxd  In  piesencc  of  acetic  anhydride  [12].  Bolling  of  the  hydaiuoin  with  an  aqueous  solution  of  barium  hydroxide 
It  atmospheric  pressure  lesulied  in  a  quantitative  yield  of  the  iweviously  unknown  c-benzhydiylhyda^tolc  acid 
lU)  Heating  of  ike  hydantoin  with  barium  hydroxide  in  a  sealed  tube  ai  140*  foi  15  minutes  gave  the  same  hyd- 
arrioic  acid  but  in  lov*rei  yield,  a-benzhydrylhydantoic  acid  is  quantitatively  reconverted  into  the  hydanioir.  when 
heated  with  dilute  ard  concentrated  hydrochloric  acid  ot  with  dilute  sulfuric  acu* 


CO-Nh'"^  HCl,  K,SQ4 


(C4H4),C  H -C  H- COOH 

NH-CO-NH, 


Although  we  thus  Tailed  to  obtain  a -amino-^.g-diphenylpropionic  acid  from  5-benahyd>yltiydantoin  v^e 
decided  to  atieinrt  to  intioduce  the  sulfpydryl  group  into  the  5  berihydnihyda.nroin  molecule  and  thereby  to  ob 
tain  the  rre*' ap-ohyds^ioin  and  tke»efrni.n  the  mercsptohydantoic  acid.  It  should  be  iptefeitirig  to  prepare  such 
c orr'pou.'^di  fiom  the  sta'^dpoint  of  tliCit  ptarmacolcgicii  p'operiies  With  this  aim,  it  w4n  (jecided  to  prepare 
ire  cauiodipnenylacetaldehyde  and  to  convert  this  into  the  hydantoin. 

Introduction  of  the  mercapto  group  into  r.be  molecule  of  an  aliphatic  compound  1$  usually  effected  by  re¬ 
acting  hydrosulfides  of  alkali  metah  with  halogen  derivauves  of  these  compournis  [14,  15,  1C.  17J.  V.  M  Rodionov 
[18]  however  recomm.nd'  treating  benzyl  rhlotide  with  sodium  thiosulfate  in  aq-,ooos  alconolic  solution  to  fo'm 
berizylmetcaptan  The  reaction  proceeds  with  formation  of  the  Lriiermcdi^it  Kr‘Ov»r'  as  tvime’s  salt  ireaimenl  of 
w-u  h  w,';th  dilute  sulfuric  acid  decoippiJses  it  to  benzylmerc apian. 

We  resolved  to  apply  this  rrreihod  to  the  preparation  of  mercapiodiphcnylaceLaldehyde  Tb»e  substance  ob¬ 
tained  by  this  reactiorr  wa^  distilled  m  high  vacuum  Us  color  was  emerald  -green,  it  had  a  repulsive.  <  iinging  odo'. 
ilie  rcactior  to  litmus  was  neutral  and  it  gave  a  positive  reaction  for  sulfur  rvi  staridlng  the  color  g-adually  cruir.ged 
f'oip  deep-green  to  light  yellow  and  :he  reaction  to  litmus  changed  Horn  neutral  to  ac  id  ksoreove',  the  substa'wre  ga''^ 
a  positive  reaction  fo»  tire  aldehyde  group,  but  a  qualitative  test  for  the  mercapto  poop  with  r.zscent  nlt  ous  acid  wis 
regotrve  ihc  substarKc  did  not  iiL'aie  with  i'xline  Quantitative  analysis  for  sulfur  (CaiiuS)  gave  onjy  a  2*^  conrent  ir. 
place  of  the  14*^:  calc  ulated  for  .'nercaptodiplien'^lacetaldehydc  Treatment  wrtn  2.4-dinitroprienylnyd'azirrf  gave  two 
2  dinir  opi»enylhydrazones  one  with  tn  p  237*  (ilie  2.-1-dinitropl>eriy ihyg-axoiye  of  benzoprier-onei  and  o.iC  witii  m. 
p  145-140' (the  2.4-dinil*oplienylhydrazoi»e  cf  d'p*^*'  '.i- e' .idi 'lydf. 


Or  the  basts  of  these  data  we  may  say  that  although  the  substance  distills  within  a  range  of  one  dtg  ee  it  is 
*  tPixra»e  of  w^ich  O'-e  of  r^^  components  u  berizophe-  one  It  was  impossible  'o  jsdge  wrietr.e'  U>c  orr>er  sjjbsiance 
wss  dip.arnylic etaldehydc  or  thiodip>>enylacetaldt hyde  or  «  mixture  of  these,  ori  me  basts  o  lely  of  p'epa'ation  of  tne 
2  4  dir uroprenyir-ydrazor.e  Qf  diphenylacetaldehyde  because  both  aldehydes  give  one  and  the  same  2  4  diniiropf'eriyl 
hyd’azone  The  p'ese'ce  of  the  rhioaldehyde  was  infcied  from  the  emerald  color  a.^'d  the  very  »epulsive  odo:  Mo’e- 
cver  iiie  devel-'prre'T  of  an  acid  reaction  xr.d  the  colo»  change  on  standing  pointed  to  the  easy  oxidizability  of  th*e 
substance  which  is  cha'acre-istu  of  thioaldchydes 
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cM.z'rt^ct  with  sodium  thiosulfate  not  only  with  formation  of  mercapto  derive- 
ttv^c  In  en  mdkydraus  medlfixn  they  neart  to  form  tliioaldehydei  in  ooi  case,  evidently,  the  reaction  of  biomo- 
dlBhenyUcetJdJeUyde  with  ndlnm  thiosulfate  proceeded  in  several  dlrectioia^  ‘ 

On  the  one  hand  the  reaction  probably  proceeded,  according  to  Rodionov's  mechanism,  with  formation  of 
the  raercapcoaldehyde: 


(CjHt)sC-S-S(\ONa 


(C,H,),CSH- 


The  mercaptoaldehyde  decomposed  Into  thiobe'^oplierorve  and  foimiildehyde,  while  tive  thiobenzophenrme 
(readily  oxldizable  Ir?  the  air)  gave  bcr:zopbenone  which  wis  detected  It!  the  reaction  piroducta. 


At  the  same  time  the  sodium  thiosulfate  acted  on  thie  bromodlphe’ylacetaldehyde  as  a  re  due  ing  agent  and 
transformed  it  into  dipher  ylacetaldehyde,  whose  aldehyde  group  entered  into  reaction  with  Na^S^O^  to  ^tm  the 
thloaldehyde : 


(C^Hft),C!ir-CHO 


(C  ..HJ,Ch-CHO  -►  (C  H--CH(Or;a)-S-SOiONa 


Na4SO^+(C,H»)*CH 


This  second  direction  of  the  reaction  accoi«s  for  the  presence  of  dipneny’Acetaldehyde  aryl  thiodiphenyl- 
acetaldehyde  in  the  reaction  products. 

After  failing  to  obtalJi  the  mercaptoaldeiiyde  by  Rodionov's  method,  we  decided  to  attempt  its  preparatioo 
by  the  act. on  of  NaSHor  bomodiphenylacetaldehyde  In  an  arhydrous  medium.  With  this  objective,  freshly  pre¬ 
pared  sodium  hydros;'.! fide,  suspended  If  dry  benzene  was  slowly  sti'^ed  into  a  benzene  solution  of  bromodlr<h€nyl- 
acetaldehydc.  The  rcection  was  pe’fo  med  at  room  teirpe'ature.  Addittor  of  ihe  hydrosalfide  was  accompanied 
by  .release  of  neat  and  developmeut  of  a  da'l<  bl->e  colo’.  The  reaction  product  was  distilled  in  high  vacuum  to 
give  a  liquid  with  a  blue  cole-  and  a  'seuual  'eactio*  to  IrtmUi  Tne  bl.e  color  disappeared  fairly  quickly  on 
lUndlng,  the  p'oduct  did  not  b.ive  a  ’epulsive  odo  and  did  not  give  a  ’^eacion  for  sulfur  Treatment  with  214- 
din!  aophenylhyd'az  ire  gave  two  2  4diniL'^opi-ie’'yinyd'»zores  co-aspond.ng  to  derivat.ves  of  benzophenone  and 
dipheiiylacetaldchyde  These  .es'jlts  snowed  that  in  this  case  i!>o  the  b'’emod:phe'’ylaceialdehyde  had  been  partly 
reduced  to  dipbenylacctaldehyde  The  fo'maiion  */f  benzopr.e’'Of.e  m  both  cases  shows  that  (in  both  cases)  there 
is  so  to  speaa  partial  replacement  of  b^omlte  r  b'omod..pheny’Acetaldehvde  by  the  mercapto  group,  but  in  the 
reaction  condirions  the  rrcrC'«p'.odiphie’'yla:eu)dehyde  is  ’rrstable  a'd  behaves  lu^e  me  derivatives  of  diphenyl- 
plycolaldehyde  and  diphe.ryla^  ruldehyde  that  we  ha,e  p-cvio.isly  st-died  jTrj  ir.  decomposing  witn  formation  of 
thlobenzophe-.o’-e  whicb  oxidizes  to  be'zopner/O'e.  ir  me  a.r.  The  deepblue  tolcr,  r ha’acreiisiic  of  thiokeiones. 
is  Indicative  of  tiie  p-ese-.cc  of  tCfiobenz^p'ienone  ir  the  'eacnor  p  oducu. 

EXf'ERIiv'ENTAL 


Rrepaiation  of  5 -ie  nzh  yd*  y  1  hy  d.»r  toit. 

Ln  a  round -bon  o.med  flask  a’e  placed  22  g  (2  moles^  CA  g  airjT'0'’i.;m  c*  imnatc  (4  '■’Oies)  and  200  ml 
50*5)  ethyl  alcohol  G'adual  54dition  is  then  made,  with  siir'i*  g  of  -iO  g  of  bist.lfire  de*iva^ive  of  dipbenylacet- 
aidebvdc  The  reaction  mixt'ire  is  heated  on  *t>c  wJ’et  ba’n  so  ’Lit  the  ’eiT'pe'at  ire  in  the  fljS.K  is  60  66  ;  after  6 
hou.'s  heating  at  this  tetrpe*»iu'e  the  ien'jA.'ulj!e  is  'aised  to  70  76  to  oecOirDosc  the  excess  of  amiponlum  car¬ 
bonate  Afte*  cooling  of  the  solution  the  fo'ircd  hydaftoi’’  c'ysuJl’zes  Tf-e  fiitced  hydotoi^-  is  washed  with  wate.r 
to  remove  ino’ganic  imp'-’ilies  Weight  of  the  hydamoi'  I't  g  The  hlru^c  utposiied  a  fftner  11  3  g  on  standlFig. 

M  p  218  -219*  f’op.’  aqueous  alcohol  "Vieid  20.2  g  oi  74 

According  to  the  llle’acre  the  rn  p.  is  221*. 

0.0738  g  subsU'ce  C  8  ml  \  (1 6*.  76 5  0  mrrj.  0  1  -96  g  s. b.s'.iice  1  i  98  g  diox-^-e .  At  0.315* 

Found  N  JO  06,  M  234.0  Calculated  ^le.  10  52  206. 

Due  to  tl>e  ir.soli,bUilv  of  the  prepa’ed  hydantoin  ir  be'ze'‘e  the  mctec-la*  weig.nt  was  deltimined  m  dloxane, 
the  dloxane  constsm  fo'^  phenylacetic  acui  was  peviously  deierml'ed 
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Hy4rolytlt  of  5*Ben.3hyd;ylhydAatoiB 

2.5  g  S-benzhydiylhydantoii  was  heated  with  100  ml  60^  sulfuilc  acid  for  an  houi  at  120-130*.  After  cooling, 
the  sjlfurlc  acid  was  neutralized  with  the  calculated  amount  of  EiaCp|.  the  precipitate  was  filtered  and  washed  with 
ether  Removal  of  the  ether  left  a  small  amount  of  resin.  The  aqueous  solution  had  the  mousy  odor  characterUtic  of 
acetamide,  but  no  organic  products  whatever  could  be  isolated  from  *t.  In  the  specified  conditions,  therefore,  the  5- 
benzhydrylhydanioin  had  decomposed.  When  the  reaction  was  performed  in  milder  conditions  (heating  at  100*)  die 
hydantoin  was  recovered  undhanged. 

2  g  hydaraoin  was  heated  with  8  g  lU(OH),-  8H,0  and  50  ml  water  in  a  sealed  tube  for  15  minutes  at  136‘. 
After  openi*’-^  the  rube,  the  inorgarac  precipitate  was  filtered  off  and  the  filtrate  was  acidified  with  dilute  hydro¬ 
chloric  acid  until  weakly  acid;  a  substance  was  precipitated  which  gave  a  positive  reaction  fot  jutiogert,  had  an, 
acid  reaction,  and  melted  at  178-180*  before  recrysiallization.  from  the  residual  solutwn  was  isolated  a  small  arrouru 
of  r«eutral  product  of  decomposition  not  containing  nitrogen  and  melting  at  74-7(:*.  It  was  not  further  Lr  vestigated.  In 
the  next  experiment,  in  oidet  to  avoid  decomposition  of  the  5-berzhydryJhydantoir  8  g  of  the  latter  was  heated  with 
30  g  Sa(OK)-  8  hvO  and  150  ml  watei  under  a  renox  condenser  at  100*  fo:  an  hout.  At  idificatiorr  with  dilute  hyd'O 
crjo'ic  acid  b’Ojght  down  8.45  g  of  a  substaiKe  melting  at  197*198*  after  recrysialllzanon  from  aqueous  alcohol.  A 
mixed  melting  point  deter njination  with  the  acid  prepared  in  the  ptevious  experimeni  did  not  give  a  depression: 
m  p  185*180*. 


0  0710  g  subsunce;  6.1  ml  (19*.  766  mm)  0.0919  g  s«ib^u.n.:e:  3.5  ml  NaOrt  (J  0.9367).  0  0745  g 
s-bsunce  0  0206  g  Ag,  0  0621  g  substance:  25  6  ml  CH^  (17*.  702.5  mm).  Found  ‘5b:  ti  9  90.  E  279.7i 
^  Ag  27.65;  numbei  of  active  hydrogen  atoms  3.7  C|«.HnOj.N|  Calculated  ‘5».  9  85;  £284.  .number  of 

active  hyd’ogen  atoms  4  CnHuOjNiiAg  Calculated ‘5b:  Ag  27.62. 

The  analv-tical  lesults  show  that  alkaline  hydrolysis  of  O-benzhyd'ylhydarioin  gave  a -benzhydrylhyda'itoic 
acid  "llie  anticipated  a-amLno  ac.d  was  not  formed  either  on  acid  or  alkaline  hyd''Olysis, 


The  I'ansfor  mations  of  a-benzhydrylhydantoic  acid  in  acid  xnd  alkaline  media  were  studied. 

When  boiled  with  20*70  hydrochloric  acid  and  with  2 0*5^  sulfuric  acid,  2  g  of  rhe  acid  gave  t  7  g  o  benzhydryi-  • 
hyda.nto.n  boiling  of  1  g  of  U»e  acid  with  concentiaied  byd'ochloric  acid  gave  0.8  g  of  t.ne  riydaritoin.  When  the  acid 
was  boiled  with  aqiieous  6a(OH)f  for  5  hours,  ir  wa.  quantitatively  recovered  uhebanged. 


Preparation  of  Mercaptophenylacetaldehyde  by  Rodionov's  Method  [16J 

A  reaction  mixture  cotTprising  40  g  b'oiT'Cxiiphenyiact taldenyde  dissolved  in  60  ml,  9i?5b  alconoi  arid  a  solution 
of  41  g  scxlium  thiosulfate  in  40  ml  water  was  heated  with  stimrig  at  the  boil  for  22  ho.'s  until  the  tfeilsieir;  rce^tion  for 
ch]onr.e  was  ncgat.ve  During  the  reaction  an  oil  settled  out  and  sulfur  was  hbe’ ateo,  At  the  com  losion  of  n.e  c-eating 
a  stream  of  ca'boii  dioadc  was  passed  through  the  leaction  ilasiv  ufre'  wbirti  f«‘  ml  4-’;*5b  s.  If  «( id  was  adoed.  t^is 
causeu  a  c  onsiderable  volume  of  oily  liquid  to  separate  Tlie.  subsiarMe  ^a-  e*u<i  it  J  with  eibe-r  and  d'led  v*ith  sodiuir 
S'lifate  Afte  dtiVingoff  the  ether  the  substance  was  distilled  irr  high  vac.juii.  In  the  fi’st  fracMonatior  the  s■Jb^’a»■<e 
boiled  at  12 6- 134*. 


A  second  frac :io  .a' for  gave  the  following  bactioris:  1)  to  120*  a  few  dr^ps  2>  122'  10  g  Z,  123  J32'  1  n  g 
decornpotiUon  of  t.hc  substance  arid  separation  of  sulfu'  were  observed 

He  second  f’action  with  an  t, rut  raid -green  cole  had  a  most  unplea  ant  and  ve'y  ne'sisteoi  .xlo'  it  gave  positive 
re;acLor.s  ;or  s.ilfu'  and  aldehyde  gro^g  and  was  neuttal  to  litmus  Or  standing  in  a  closed  vessel  the  colo’  g-^duilly 
changed  fro.m  green  to  1  ight-yt llo w  A;  the  sari>e  tunc  the  reaction  t.-}  litmus  became  acid  T.te  suhstaUie  d;d  f«o’.  give 
a  color  react. on  witri  r  .lirtht  mucus  acid  and  did  ttoi  ii;i.iie  wnti  iodine,  w!.:eii  u.Jicatc^d  the  abser>ce  of  i.hc  Sh  g-nup. 

C  g  subs’a»>ft  0  Ci5C  g  BaSO^  0  09C9  g  '.,bs»ar>ce.  1  7  rpl  CM,  (17*  7i’'4  ""  rr'iP;  i)  0'.r2t‘  g 

«'.o*unce.  14  Bo  g  benzeric  At  0  155*.  Found  S2  04.  numbe'  of  active  hyd-oge'"  atoms  0  2090 

M  206  C,^,Hj,OS  ralculatcd  ^  S  14  03.  number  of  active  hydrogen  atoips  1,  M  228 

.  .ic  diita  sliovscd  that  the  substaricc  that  distilled  owr  withm  a  'ar.ge  of  orve  deg-ee  i  a  rr  ixti.-e  and  no*  a  p-'-e 
co.'pjwand 

P-epa'w»:on  of  2  4  dmitrophenyih ydrazeru^  of  Sl.b^^anfe  with  b.p.  122*  ar  a  pressure  of  less  ♦.*»*'  1  mir.  To  a 
.'t silly  p-epared  so.ution  of  2  4-diaitrophtnylhyd:az;rie  was  added  0  6  g  substance  dissolved  m  alcohol  Almost  at  or«ce 
a  dark-red  prec-pitaie  was  formed,  after  a  short  time  aroiiie*  2  4 -diPit»opfK:nylhyd'azonc  bega*.  to  sepa-vti-  i»  th,e  fO'm 
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of  yellow  ceedlwi.  On  .TixTystsUlz<>!UMi  fiioin  aIlqIisI,  tbs  dsTlcred  2,4'tiinitroobeoylbyd£Ji20iietdid  not  dissolve 
wbescAS  the  Ughi-yellow  hydTAzo*  dissolved  ^ahl/quickly.  Ybc  light-yellow  subsnmcc  melted  At  145-146*  and  did 
not  give  adcieession  with  an  authentic  sunple  of  diphenylacetaldebyde  2.  l-dinittopbenylhydtazone. 

The  dark-red  2;4-dlJuirophe^ylhyd^azone  was  lecrysuUized  from  eihylaceioaccuie,  m.p.  235-236*;  a  mixed 
test  with  benzophenof'C  2,4^1  irutrophenylhydrazor^e  did  not  give  a  depression.  In  view  of  the  fact  that  the  substance 
changed  from  noitral  to  acid  on  sunding,  it  was  oxidized  with  KMnO^  mlutlon.  Oxidation  of  3.6  g  mbsiance  with 
b.p.  122*  at  a  pressure  of  less  than  1  mm  consumed  2.28  g  permanganate.  The  neutral  product  obtained  was  benzo- 
phenone  (1  3  g).  in  the  acid  products  of  oxidation  were  found  diprrenylacetlc  acid  (m  p.  144-145*)  and  a  small  ad¬ 
mixture  of  berizoic  acid,  these  wex  separated  by  fiactlonal  distillation.  It  follows  that  the  subsunce  wltii  b.p. 

122“  In  high  vacuum  corsisted  of  benzopnenore  and  j  mixture  of  dlphenylacetaldehyde  and  thiodiphenylacetaldehyde. 

Preparation  of  the  Mercaptoalde hyde  by  Reactiori.  of  hromodlphenylacetaldehyde  with 
fiaSH 

To  20  g  bomodiprierylacetaldehydc  dissolved  in  50  ml  dry  benzerie  was  added  in  srrall  portions,  freshly 
prepared  NaSH  po)  suspended  in  benze-e.  Duri-vg  the  addiiio*  heat  was  developed  and  the  color  became  dark-blue. 

The  end  of  the  reaction  was  indicated  by  absence  of  heat  developme^  when  fresh  portions  of  NaSH  w'cre  added  and 
by  a  negative  reaction  for  halogen.  The  bertzene  solution  was  decanted  from  the  moiganic  precipitate;  the  preci¬ 
pitate  was  washed  with  be'.zene  and  the  wash  liquor  added  to  il^e  main  soV-tion.  .After  driving  off  the  benzene,  the 
substarce  was  distilled  in  high  vacuum  to  give  8  g  blue  liquid  with  b.p.  127-138*  at  a  pressure  below  1  rom.  A 
second  disullatiori  at  a  p  essje  of  less  than  1  irm  gave  2  fractio'.s.  1)  123-133’,  3.45  g.  2)  134-138*.  1.25  g.  Both 
fractions  were  blue,  readily  mobile  liquids  not  givfrig  a  positive  reaction  for  sulfu.^  and  with  a  neutral  reaction  to 
liimi-s  With  2.4-dinitrophe»-ylhyd'a2L*e  both  ftactionc  pave  two  2.4-duut’opbenylhydrazonfts:  benzophenone  hydrazone 
(maLn  p'odjct)  ard  a  small  qoa-itity  of  the  hydrizo'e  of  diphenylaceuloehyde  h5ixed  tests  with  the  authentic  2.4- 
di''itrophe"ylhydrazone5  gave  no  dep  essio-  The  mass  -emiinir.g  after  distillation  gave  a  qualitative  reaction  for 
sulfur  and  the  aldehyde  g'^oup,  but  d.d  not  gue  a  colo.i  reactujp  with  .nascent  rntrous  acid.  Treatment  with  2,4-dinitro- 
phenylhydrazme  gave  a  s.-nall  amount  of  the  2.4-diPiPophenylhydiazone  of  diphenylaceialdehyde. 

Co'isequentiy  the  rcacuon  with  •'-aSH  also  u'lled  to  give  me^captopherylaceuldehyde.  although  tlie  re- 
dction  was  performed  :*i  very  mfrd  cor'd iiions  the  reaction  lempe-atu’e  did  rot  rise  above  30*.  In  the  instant 
of  as  foMnatior-  the  me'captophenylaceulc-ehyde  is  a ppaiertly  decomposed  into  trooberzophenone  and  foimalde- 
nyde  arvd  the  thioberizopne 'O'e  is  oxidized  to  bcnzot>tic-''or.e  by  oxygen  from  the  air.  Further, -nore,  NaSH  acted 
on  btomodiphe.riylacetalder.yde  as  *  ted-icing  agenr  a"d  'ed'.ced  it  to  dipnenylacetaldehyde  which  was  also  detected 
in  the  reaction  prcxlucis 

SL’ RTf 

1  Ptepa'Ciions  were  ca-rieo  Cut  of  o-t>e^zhyd'’ylhydjintot~  (i-  'I'fjo  yield  by  Buc'neier's  method)  arid  of  a- 
hefzhyd'ylhyd^nto.c  acid  wriiC  tiad  ' ot  tveviouslj  beer  i*'ow  Their  t'ansforirations  in  acid  and  alkaline  media 
were  studied, 

2.  Siib-siitutlo'i  of  the  hil'>gen  ir  bioipodipncrylaceialdenyde  by  the  meicapio  g'Oup  by  the  action  of  NaSH 
in  an  a.'^ihyd'Ous  ired....n  was  st  ced 

3,  It  Was  show"  ttiat  the  res.Itarit  n'e'c  aptcdiplitT-yliceiaidchydc  is  u-.^ablc  and  decomposes  with  foimation 

of  ifiioberusophe-'One  which  undergoes  oxidation  to  he  •zornhe'-orKr.  Moreovei,  acts  or  b'omodiphenylacetaldehyde 

as  a  rcdt'c.ng  agc.rt  and  -educes  it  to  dipne  ylac cta;d». tiyde 

The  icaclior  of  b'ornodiprie  .ylacci-iidc-tivur  w.Ui  s'xjium  i^icrijifatt  by  t^ixlionc.  s  n*etbt>d  ptoc ceded  in  two 
direcliO''s  witn  fo'mation  of  ipe>c  ? ptodtpiier-yiai  eta'.dehyde  v  which  decompose d  to  ihiobcnzopncrio re  which  oxi¬ 
dized  to  behzophe’’iO- e;  ar<d  with  fo'ri'atio  of  dipt*!- nyl acetaldehyde  .»nd  'hiCKUpfienylaceialderiyde,  The  latter  is 
al  o  readily  oxidized  in  tr.e  »:• 
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SYNTHESIS  OF  2, 3-DlSUBSTITUTED  QUINUCLIOINES 


M.  Y.  Rubtsov  «nd  E.  E.  Mlkhlina 


Substituted  quinuclidines  Ate  of  undoubted  interest  as  a  possible  source  of  thetApeutic  substAiices.  Up  to 
recently,  however,  coinpounds  of  this  seiies  hAve  not  been  subjected  to  extensive  biologicAl  invest igAtion  due  to 
the  complexity  of  their  prepArAtion  [1]. 

One  of  us.  In  collAbotAtion  with  DorokhovA,  recently  developed  a  simple  synthesis  of  2t)uinuclldiiiecnr‘ 
boxylic  Acid  And  its  detivAtives  p]  and  thus  made  possible  a  more  extensive  study  of  the  biological  and  chemlcll 
properties  of  compoands  of  this  class. 

Continuing  our  work  in  this  db^ection.  we  have  realized  the  syfithesis  of  p-r.arboxyquiiuiclidyl-^3)  }‘Acetic 
acid,  some  of  its  derivatives  and  products  of  their  transforroation.which  are  described  in  this  paper. 

2,3-Dlsubstituted  quinuclidines  have  not  been  described  in  the  literature:  apart,  tftcrefore,  from  the  po*l“ 
biltty  of  investigatlrig  their  biological  ptopenies,  a  study  of  the  chemical  properties  of  compounds  of  this  scrie* 
was  also  a  matter  of  Interest. 


CXir  synthesis  of  p-ca’boxyqi,inuclidyl-<3)]'Acetic  acid  may  be  represented  by  the  following  scheme: 
CH^CH-COOCjHj  CH-CH,-COOC,Hj 

/\  ^COOCjH,  ^ 

I, 


x 


^  COOC^Hj 


I 


CH-CH^-COOCjHj 
'CH,-COOC^H* 

C-h  . 


H,jPtC^ 

CH-CH,-C00C,H4 


/  CH  CH(COOC,Hj), 
CHt  QH, 


1)  HCl 


(I) 


r 


2)  C^HjOH 

CH-CHj-CCXKIjHj 


Br, 


CH, 

\ 


(ill) 


Mi' 


I  ^  CH\^CBr(COOC,Hfc)| 
ICH,  CH, 

!  i  I 

CH,  CH, 

'  / 

.NH^  (IV) 


pyridine 


CH 


/  1  ' 

1 

H,C  CH, 

CH-rHj-CtXX^rij 

HCI^ 

lijC  CH,  CH-CH,-COOK 

j  1 

1  ,COOC,H* 

i  *  * 

H.C  ,  CH-COOH 

H^C 

c 

'-1/ 

COOC,hj 

HCl 

(V) 


(VI) 


Frt  pa^atlOf.  of  the  ethyl  ester  of  3-dica'bethoxymeihyl  £-[pyiidyI-(4)}  propionic  acid  (I),  the  starling  inaieiial 
of  the  present  synthesis  was  effected  with  the  help  of  Michael's  reaction.  Ethyl  malonaie  readily  reacts  with  the  equiv¬ 
alent  amount  of  ethyl  3"[py'tdyH4)]  acrylate  1."  presence  of  sodium  ethylate  in  alcoholic  solution.  The  reaction  is  com 
pleted  at  room  temperature  Ln  5m/  hours  or  at  t'.d"  in  one  hour, (I)  Is  formed  in  a  yield  of  of  the  theoretical.  Sub- 
sunce  (I)  Is  a  viscous  liquid  pa’tly  decomposing  on  distillation  in  vacuum.  The  laner  operation  is  unnecessary  because 
reaction  p'oduci  (1)  Is  obtair^d  in  complete  analytical  pu'ity  in  the  conditions  detailed  in  the  expeiirnental  part. 

hoilingof  (I)  with  concentrated  hydiochloiic  acid  gives  3*[oytidyl-<4)}-glutaric  acid  which  was  identified  in 
the  form  of  its  diethyl  estet  (II). 

The  hydrochloride  of  (I)  is  readily  reduced  tc  lire  corresponding  piperidine  de'ivative  ^III)  In  presence  of  Adams 
platinum  catalyst  at  room  tcmpcratu’e  in  alcoholic  solution. 
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Ln  the  same  corxJitlons  at  fo:  p*epar*ion  of  2-<iuinaclidineca:boxylic  acid  p]  6  dlcrtbethoxymcthyl  S  TPiperldyl  - 
(4)]  P'oplonic  estei  is  ther  converted  into  the  ethyl  ester  of  6-dlcarbeihoxybromoinethyl-6'[plpetidyl  •(4)}pioplonlc  acid 
(IV')  and  then  into  the  ethyl  esie;  of  p.a  dlcarbethoxyquLnuclidyl  <3)}-acetlc  acid  (V).  The  lattei  is  tiansfotmed  by  pro¬ 
longed  digestion  with  concentrated  hydrochloric  acid  into  p<arboxyquinuclldyl-(3)}acetlc  acid  hydiochloride  (VI).  The 
free  acid  it  easily  separated  by  treating  the  alcoholic  solution  of  (VI)  with  the  calculated  amount  of  alcoholic  solution 
of  arrmonia.  The  free  acid  is  subsuntially  insoluble  in  absolute  alcohol,  and  it  therefore  separates  by  this  treatment  from 
sufficiently  dilute  solutions  in  the  analytically  pure  fo'm.  Separation  of  the  free  acid  from  its  hydrochloride  via  the  sil¬ 
ver  salt  was  difficult  to  effect  Ln  practice  because  of  the  poor  sol.bllity  of  the  silver  salt  In  water. 


The  diethyl  ester  of  p-carboxyquLnuclidyl-(3)}acetic  acid  may  be  prepared  by  reaction  of  the  dichloroarhyrbide 
of  the  acid  with  alcohol  or  by  two  heatings  of  the  hydrochloride  of  the  acid  with  a  5^  alcoholic  solution  of  hydrogen 
;  hloride  In  both  cases  the  yield  of  diestei  is  about  85^,  bat  the  second  method  gives  a  purer  product. 

The  diethyl  este*  of  p-<arboxyquinucIidyl-X3)} acetic  acid  is  reduced  with  the  help  of  lithium  aluminum  hydride 
wiin  formation  of  2 -hydroxymethyl -3  (  8  -hyd!Oxyethyl)-quinuclidlne.  The  obtained  glycol  readily  reacts  with  thlonyl 
cMoride  to  fo'-m  2-<hlo  omeihyl-3-(6-chloioethyl) -quinuclidipe.  a  colorless,  mobile  liquid.  This  coirpound  is  tra-'is- 
fo.rpcd  OA  stardlng  into  a  spongy  white  mass,  insoluble  in  ether.  Polymeric  pioducts  of  the  natu.’e  of  q»jatc'.'.a:y  salts 
a;e  apparently  formed.  This  process  proceeds  much  metre  quickly  with  heatirg.  thus,  when  pure  2-x:hloromeihyl-3- 
(B  chloroethyl)  •quinuclidine  is  distilled  in  vacuum,  about  SO*?!}  of  it  is  convened  into  the  polymer. 


Heating  of  the  hydrochloride  of  the  dichloroaTih>diide  of  p  carboxyquir.uclidyl  <3))  at  etic  acid  with  dlethylamlro 
etha.'iol  gives  the  corresponding  diestet. 


E  X  PE  RIMENT.^J. 


Etfivl  g*er  of  £  Dlcarbeth(».yrneth\i-^-[pyTidyl--<4)}  prcpionic  Ac  id  (1).  To  ar  alcoholic  solutio.i  of  sodium 
ethylate  prepared  from  1.25  g  scxl.um  and  20  ml  absolute  alcohol  is  added  8.'^  g  ethyl  maloiiaic  and  9.6  g  8-[pyiidyl- 
(•?)]  acrylic  ester  The  reaction  mixture  i«  enetgencaliy  siined  until  ahomcgenBoosinia  ii  forrred.  and  then  lieated  for 
an  ho..r  at  60“  The  coc.ed  solution  is  pou.fed  into  100  n.l  wate-  ..ontaining  3. 5  g  acetic  acid.  The  precipitated  heavy 
Oil  IS  sep-.'aied  the  aq.eous  layer  is  exhaustively  extracted  with  ernei  the  etbe*  extract  is  mixed  with  the  separated 
Oil  washed  with  wate'  until  the  eihe’eal  solutim.  is  decolorized,  and  dried  with  scxIi-jt  sulfate  A^te-  d^ivi'  g  off  the 
etner  a'd  emovmg  us  last  races  in  vacuum,  the  residue  is  a  viscous  oil,  the  ethvl  este^  of  ft  die afbethoxyinethyl-ft 
[py.idyl  (4))  pjopiOMc  acid.  Weight  17.2  g  Yieid  94  2'^  of  the  thco'etical  p  P.  173  175*  at  0.2  mm  with  pa'tial 
Oerompositio''  The  con'pou.nd  dissolves  leadily  if  'jrga’uc  solver.ts,  insoluble  in  wa'er 

3  442  mg  S'jbst«:;ce;  7.635  mg  COj;  2  059  rrg  HjO.  5  088  mg  substance.  1  64  ml  0  01  ^  HjSO^.  Found  •?» : 

COO  53.  H  6  09.  ^  4.51.  Ci,Ht,O^N.  Calculated  ‘Jk.  C  60.55.  H  6  82.  N  4.16 

T^'e  hyd»or  hlo-ide  is  p-epa-ed  by  reatrg  the  compoL’’d  with  a*-  al'Oh;*hc  solution  of  h ,<l’c>ge  \  cblo-ide  o.ntll 
the  ’eaction  is  acid  tc  Congo.  The  resultant  oil  c'ystallizes  on  cooling  K*.  p  121  T2S*  (horn  alcohol  eibe’) 

3  2'1  mg  sibsta'ce.  C  563  mg  CO>.  1  951  mg  H,0  3  852  irgsubstance  7  769  mg  C(\  2  232  mg  H,0 

9  '’20  n  g  s-bsta-cc  0  309  ml  M,  (22‘.  749  mm)  9  45^  n  ^  substa-.ce-  0302  ml  ‘.n  (22'.  749  mm)  Foul'd 

C  54  92  ^4  96.  ri  6  69  C.ol  n:  3  t;2  3.64  HCl,  Calculated  C  54  63  h  £43.  n:  3.75 

Esie>  of  ft  [Pyidyl(4j)gIutaTic  Acid  (II)  4  4  g  ethyl  ester  of  6  d.ca'beiTtoxsn’etny!  6  [py‘idyl(4)] 
p»op;oniC  acid  and  44  ml  concertiated  hyd'ocbloTit  acid  a'C  boiied  fo*  b  hours  TliC  solurjo’'  is  ilie*  fiUe'ed  to  f’ee  it 
f’om  Tu'hidity  a'-d  evapmated  in  vacuum,  theiesidua)  oil  isd'ied  by  adding  alcohol  a-d  distillrg  it  off  (thrs  process  is 
•cpe«!ed  ’wo  mo’f  i.nies)  To  the  -esultan!  hydrochlo  ;de  of  ft  [pyidyl  (4)}-glutaMi  acid  is  added  35  ml  5^  alcoholic 
solvrio'  of  hyd-ogen  chloride  a-^J  the  reaction  mass  is  heated  at  th?  boil  fo'  3  hous.  The  ale  or  ol  ts  driver^  :ff  r- 
s»c'j-m  tfie  “esidue  is  treated  with  potassi  im  c  a'b--*  j*e  sohjiioi  and  extracted  with  ethc'  Thte  ct*t  e.tl  srl.'’0' 

IS  d'led  with  po:«sMi-m  c  a'bo  ate  After  dns  mg  off  the  ether  ihe  sob.stance  is  discilled  v,tc  c  _m  bp  146  ]4d  ar 
0  2  mm  rield  2  92  g  o-  84  ?^of  the  theoretical  Colorless  vise ous  liquid  solub'e  ir.  orga-ric  solvenTs,  I'vtl.blc  i'. 
water 


4  430  irg  s.-bcr,  .e  ]0  270  mg  CO,.  2.902  mg  *-1^0  4.978  mg  subsunce  1  ©7  rrl  0  ul 
roud'^c  CC3  27  rt734  N  6  25  f  a!c  ulated '^b  CC3.40.M7.17  h-  5  25 


j’b^ihoxymethyl  r  [piperK^l ^4jJ  propionu  Acid  (111)  A  s.'»^Jtlor^  of  47.8  g  ethyl  ft  dlcarh- 
ethexy  metnyl  ft  [pyridyl  t4)}  p'opinnate  hydrex  Moridc  m  33o  m!  absolute  alcohol  is  reduced  at  com  tempe-atu'S  1 
pese'ce  of  1  g  plair-i-m  ox’de  After  ahsoipiicri  jf  theo'eticul  amo-nt  of  hyd-'jge'  (40  45  ho^s)  »he  cai«ivr  Is  fil 
teied  eff  a-ai  Lie  filUute  evapoared  n  vacuum  T' -tstd-jal  ca**rrei  hie  mass  is  the  byd'ochlo- ide  of  ethyl  ft  dica*b' 
ethoxyne-r  y)  £  -[pipc-idvl  y4))  p-opio-.ate  neld  q^artuative. 
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The  base  which  separates  oo  trcatinent  of  the  hvdiochlalde  with  50^  potassium  carbtmate  solution  changes  into 
an  undlstlllable  foamy  mass  when  heated  in  vacuum,  apparently  a  lactam.  The  reduction  product  was  characterized  by 
preparation  of  the  ethyl  eaet  of  6“d)carbethoxymethyl  B“[N"Bcetylpipeiidyl-<4)]-propJonic  acid.  Acetylation  U  effected 
tn  the  following  manner,  fihyl  6*dicaibethaxymethyl~6-{piperidyl'(4)]-propionate  and  5  times  the  amount  of  acetic  an* 
hydride  are  heated  1  hour  on  a  boiling  water  bath.  The  acetic  anhydride  Is  distlUed  off.  the  residue  dissolved  in  ethet, 
the  ether  solution  washed  with  aqueous  sodium  bicarbonate  and  dried  with  potassium  carbonate.  After  removal  of  tte 
ether,  the  residue  is  distilled  in  vacuum.  B.p.  206*207*  at  0.3  mm.  Viscous  bquid  with  a  greenish  tint,  readily  soluble 
in  crganic  solvents,  insoluble  in  water. 

7.634  r.)g  subaance:  16.595  mg  CC^,  5.501  mg  1^0.  17.000  mg  substance:  0.573  nl  N*  (25*.  726  mm). 

Found  ‘Jfc:  C  59.32,  H  8.06,  N  3.69.  CjjK^OyN.  Calculated  %  C  59.22;  H  8.05;  N  3.64. 

Ethyl  J2,2-DicarbethoxyquinucUdvW3))-acetate  f Vh  The  hydrochlaide  of  6-dicarbethoxymethyi-6-{plperidyl- 
(4)}  propionic  ester  irepared  by  reduction  of  47,8  g  of  the  corresponding  pyridine  derivative  is  dissolved  in  150  ml  dry 
chlorofwm.  To  the  solution  is  added  a  solution  of  20.4  g  bromine  in  154  ml  chloroform  at  room  temperature  with  good 
stirring  over  a  petiod  of  8  hours.  The  leaction  mass  is  allowed  to  aand  for  anothei  12-14  hours;  duilng  this  period  the 
solution  is  completely  decolorized;  the  chloroform  is  then  removed  in  vacuum.  The  residue  is  dissolved  in  140  ml  wat- 
ei,  the  same  volume  of  50^  potassium  carbonate  solution  is  added,  and  the  septarated  oil  is  extracted  with  ether.  With¬ 
out  drying,  the  etheieal  solution  of  S  tlicarbeihoxybromomethyl  £'(piperidyl-(4)]“ptopioruc  *ster  is  evaporated  in  vacu¬ 
um.  The  residual  oil  is  digested  for  2  hoirs  with  390  ml  pyridine;  the  reaction  mass  acquires  a  dark-brown  color.  The 
pyridine  is  distilled  off,  the  tesidual  dark-brown,  viscous  oU  is  well  stirred  with  50*70  potassium  carbonate  solution  and 
extracted  with  ether.  The  ethej-eal  solution  is  d.ned  with  potassium  carbonate,  the  ethei  is  driven  off,  and  the  residue 
distilled  in  vacuum,  yield  31.45  g  ethy)  ester  of  [2;2~djcaibethcn‘vquinuclidyl'<3)'acetic  acid  with  b.p.  147-148* at 
0.25  mm.  A  colorless,  mobile  bquui,  readily  soluble  in  water  and  organic  solvents.  The  yield  is  72*7)  of  the  theoretical. 

df  1.134;  1,47  93.  MRq  85.30.  CnlV;OfN.  Calculated:  MRj^  85.20. 

Methoiodidc  of  ethyl  [2  2<ilcarbethayquinucl*dylx3)}-acetate.  white,  lustrous  platelets,  readily  soluble  la  water 
and  alcohol,  insoluble  rr  et.het.  WLp.  l39-A41®(from  alcohol  ether). 

5.424  mg  substance  6.75  ml  0.02  N  MajS^O,.  6.399  mg  substance:  3.28  ml  0.01  N  8.378  mg  sub¬ 
stance.  1.57  ml  0.01  M  H,SO..  Foul'd  *)i)  :  26.33.  N  2.80,  2.62.  C^jHjjO^NL  Calculated ‘7>.  I  26.29;  N  2.90. 

Acid  (VQ.  2’^.5  g  ethyl  [2,2-d:carbethoxyquimiclidyl-(3)- 
acelate  and  270  ml  core entra^ed  hydrochiaic  acid  are  hea’ed  at  tlie  boil  for  1C  hours.  The  hydrtxihloric  acid  solu¬ 
tion  IS  then  decolorized  with  carbon  and  evaporated  on  the  water  bath  until  crystallization  begins.  The  lusticxis. 
white  needles  of  the  hydrochlc  ice  of  [2  caibotyquinucbdyl  tS;}  acetic  acid  come  down  on  cooUng  and  are  carefully 
drained  at  the  pump  and  washed  witii  aceionc.  The  fiiuate  is  concentrated  m  vacuum  to  a  slurry,  diluted  with  ace- 
tcxie,  bllered,  and  washcj  wiili  ace'Oi  e.  A  fuririC'  amount  of  hyd’oc  h.'onde  iS  thus  separated  and  is  added  to  the  main 
crop.  Total  yield  18.4  g  a  91.6>  of  t!,e  thecretical.  Wri  re  ciystais,  readily  soluble  in  water,  poorly  soluble  in  hot 
alconol,  insoluble  in  cold  airotioi  acctc.^e  asid  ether.  M.p.  253  254“  (with  decomposition). 

For  analysis  pa't  of  tr.e  suh»rance  is  dissolved  in  hot  absolute  alcohol  and  reptecipitated  from  solution  with 
cold  ether.  M,p.  254  255' (viritri  det  omposiuon). 

mg  substaiire.  5.417  ing  CO,.  I.f22  mg  fSjO.  3.06.^  mg  substance;  5,405  mg  CQ;.  1.S39  mg  HjO. 

4’,401  mg  substance:  2.5’’.4  irg  AgTl.  5.339  inc  substance  3.138  ing  AgCl.  Found  ‘^o:  C  48.31;  48.08, 

H  C.CC.  G.70i  Cl  I4.4S  14.54.  '  hCh  Calc;Jated  *7);  C  48.10,  H  C.42.  Cl  14.62. 

12  ■carbo*yqumucUdyl'(3))- acetic  acid  hydrochloride.  1.1  g 
silver  oxide  aid  6  m^  Vkatcr  a'e  shai;cn  for  2  hoes.  Ttie  inas^  is  diluted  vvith  40  rrl  water,  broug.nt  to  the  boil,  fil- 
taed  and  washed  with  -15  ml  ho'  water.  The  fid'ate  is  !.v.ar.a’ed  wit.h  nvdrogen  subide  the  prec-pitated  silver  sul 
fide  IS  hliered  off.  t^’c  colorless  .iqueous  sol ut ion  of  p-taxbo>y qum'jcbd>l-x3)]-*acet)c  acid  Is  evaporated  to  dryness 
in  a  Vacuum,  "yield  0.15  g  acid  with  m.p.  265-  267  .  White  cry  Sals,  readily  soluble  ui  water  and  dilute  mineral 
acids,  insoluble  in  organ  c  solvents.  Yield  is  43,8*7oof  theoretiv.al. 

b)  3.5  g  of  (2  ca*hov  yqunuclid  V  i-xStj-acetiC  acid  by  dr  ex  blot  id  c  is  dissolved  at  the  boil  in  350  in)  absolute 
alcohol.  The  alcohobc  so’ution  is  filtered  f’om  tuibuity  and  treat'^i  with  4.3  mi  5.5:^  alcholic  solution  of  am¬ 
monia.  On  standing  for  qc'  hours.  2.6i  g  P  carbo»yquiriuc  Udyl  fCJ- acetic  acid  coincs  down  in  the  form  of  white 
plates.  M.p.  273*.  yield  S7.t!*7)  of  ihe  theoretical. 
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4.409  mg  iLbsi^e:  9.147  irg  CO^.  2.771  mg  H,0.  4.491  mg  subsunce;  9.312  mg  C(V  2.892  mg  H|0. 

6.744  mg  substance;  0.402  ml  S  (^8*.  732  mm).  6.709  mg  subsunce:  0.384  ml  (18*.  732  mm). 

Found  %x  C  56.61,  56.59.  rt  6  91.  7.21,  N  6.74,  6  47  Calculated  C  56.34;  H  7.04;  N  6.57. 

Diethyl  Estei  of  P-Caiboxyqulnuclidyl  <3)] acetic  Acid. 

4)7  g  ^-carboxyQuinuc Udyl^3)]'*acetic  acid  hydiochloride  and  100  ml  puilfled  thionyl  chloride  ate  heated 
on  a  water  bath  at  70*  for  10  hooii.  The  resultant  hydrorhlonde  of  the  dichloioanhydnde  of  [2-carboxyquinuclidyl-<3))- 
acetL-  acid  is  Insoluble  in  tbionyl  f  blonde.  The  excess  of  thionyl  chloiide  is  distilled  off  in  vacuum.  Its  complete 
'emoval  is  effected  by  twice  adding  absolute  ber-ze''e  ard  distilling  in  vacuum.  Into  the  hyd  ochloride  of  the  dichloro-- 
anhyd’ide  is  run  140  ml  absolute  alcohol.  The  alcoholic  solution  is  heated  at  the  boil  for  3  boors,  ard  ther  the  alcohol 
isdMven  off  in  vacuum,  the  residue  neated  with  50^  poussium  carbonate  solution,  and  the  separated  oil  extacted 
with  ether.  The  ethereal  solution  is  dried  wiih  poussium  carbonate,  then  the  ether  is  driven  off  and  the  residue  distilled 
ir  vacuum.  6  25  g  diethyl  este:  of  [2<aiboxyquiMuclulyl-(3)]-acetic  acid  is  obtairred  with  b.p.  126*  at  0.3  mm.  Yield 
82  'I'le  of  the  iheoretif  al  The  compound  is  a  yellow,  mobile  liquid  whose  color  is  not  climLnated  by  .repeated 
distillations.  Readily  soluble  in  water  and  organic  solvents,  1.4797. 

6  970  mg  subsurtce  15.949  mg  CC^.  6.281  mg  1^0.  4  400  mg  subsunce  :  10. 063  mg  CC^:  3.318  mg  H,0. 

4,309  mg  substance:  1.63  ml  0.01  N  b^SO^,  FouthI  C  82.44,  62  4i,  H8.47  .  8.44.  N  6  30. 

b)  The  diethyl  ester  of  p-caiboxyqulnuclidyl-<3)} acetic  acid  may  be  obtained  inthe  form  of  a  colorless  liquid 
by  t.ne  iollowi'tg  method .  15  g  p-caiboxyqumuclidyl-<3)}aceiic  acid  hydrochloride  and  1‘0  mi  5^  alcofiolic  soluuo.n 
of  hyd'jgei  chloride  are  heated  at  the  boU  until  solution  is  compleie(ihis  requires  about  6  hOirs)  The  alcohol  is 
diivep  off  in  vacuum,  a  fresh  addition  of  150  ml  alcoholic  solution  is  made  and  heating  conii-iucd  for  4  hoars 
After  removal  of  the  alcohol,  the  reaction  mass  u  worked  up  as  in  a)  Vacuum  dlsnllatiop  gives  the  diethyl  ester 
of  p-cajboxyquinuclidyl  <3)]  acetlc  acid  in  the  foim  of  a  colorless  mobile  liquid  with  b  p  i2f*  at  0.3  mm.  i.4797. 

Mcthoiodlde  of  t^-e  diethyl  ester  of  [2-c arboxyqjin>jclldyl  (3)}  aceuc  acid  white  iusL*Ojs  needles,  readily 
solfble  i‘i  water  a':d  alcohol,  insoliible  In  eihet  and  acetone.  Ktp  140-141*  (f'om  a  mixto'e  o:  alcohol  aiul  ether). 

10  666  mg  substance.  0  333  ml  \  (22  5*.  716  mm).  10  2  98  mg  substance:  0  303  ml  S  (22  5*.  716  mml 

0  1173  g  substa-ve  0  0661  g  ApL  Found  ‘?i)-  N  3  39.  3  20  T  30  47.  Ci..H,yO^Nr,  Calculated  N  3  40.  1  30.90 

2  HvdrQxyTnethyl  3-(£  hydroxvethyl)  ■qainaclidine. 

A  .sclut.on  of  8  2  g.  diethyl  ester  of  p-carb'ixyquinuclidyl-<3)}-aceiic  acid  in ,82  ml  absolute  ether  is  added  with 
snniTig  lO  a  suspension  of  4.64  g  lithium  aluminum  hydride  m  92  ml  eihei  over  a  penoo  of  15  minutes,  and  the  reaction 
mas>  1$  riCtfted  at  the  boil  for  an  hour.  Addit.on  is  then  made,  while  coolmg  of  9  ml  w3’e’  the  prrcipifated  iitpljm 
a  >d  i’.umirium  hydroxides  are  dr^red  at  the  p.jn<p  and Thvoig'.ly  wasta-d  on  the  filte*  wnn  cf.io-oforn;  Trie  combitied 
e'uhe't^l  arid  chlorofor.m  filtrates  are  dtied  with  poiassiuirl  ca'honate  Removal  of  tra;  cWo'o:o'.-r  and  ethc’  leaves 
5  g  2-hyd'Cxymethyl  3  <£  h>d.'Oxycthyl)-quLnuclidine,  Yield  of  tire  rlieo'etical  Coio-.tss  exl'emely  viscous 

oil,  bp  15<i  157*  at  0  4  mm  Readily  soluble  in  water  and  organic  solvents 

9  327  mg  substance  0  637  ml  (21*.  718  mm)  5  22o  mg  substance.  0.353  ml  \  (1:  5*  72bmm)  fOu'id 

N  7  49  7  58  Calculated  N  7  57 

The  h>drochlor,de  is  obtained  by  t^eat.ng  an  e’iie»eal  solutior  of  the  compound  wirn  i'  aicof-olic  90l..*.0fj  of 
hvd’ogen  ctilcHide  unr.l  the  reacuon  is  acid  tc  Congo.  Whne .  hygroscopic  crysuls  »e»diJy  ^/.blc  m  wa’e-  a  d  akoiiol 
insoluble  in  ether  or  c  hlt'i^ofoiin.  * 

2  Chlo  omethyl-?,  (  -chloioet hyl) -quinuclidKe 

To  5  22  g  2-hyd*oxymethyl-3  (3-hyJ’Oxyethyl)-q.jiriijclidine  hyd'oe blonde  suspended  n  20  ml  d'v  <riO*ofo-m 
IS  gradually  added  18  ml  ti'onvl  chlonde  while  cooling  The  nomogeoous  solution  is  hea’ed  at  the  boll  for  30 
rrl-utes  The  c n]o’ofc-n  a  d  excess  thionyl  chloride  are  dnven  off  m  vacuum  and  t»»e  las»  traces  of  rf.ionyl  cMoriae 
a^c  elin-rited  by  tmee  'imes  adding  a^d  diauiing  off  benzene  m  vacuum.  5.72  g  2  c ido  cmetr.yi  3-(.3  <  r.io-oe»hvl)' 
qvi':'jclidi‘:C  hyd'c^c LlO'.de  i.s  obtained  Yield  9-w*  of  the  theo’eiical  White  hygroscopic  c’ystals  with  ir  p  139-140* 

The  base  is  obtair.ed  by  treating  the  hydrochloride  with  potassium  ca.rbonate  solut.cw.  and  exf  acting  with 
chjo'ofcrtr  The  chlo  ofotm  extract  is  dried  with  potassium  caibor.are,  the  chloiofoim  is  d’lven  off  and  the  »csldjc 
difiilled  in  vac  j.im.  F  p.  120-122  at  0,25  mm  Colo'less  mobile  liquid,  readily  soluble  in  ware'  ar^  organic  solvents 
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31.10G  irg  t.b%*AT>ct.  4.76  irj  0.01  H^SO^.  4  C.19  mg  fabsUnce-  1,73  ral  O.ol  N  l^SQi. 

F  Ojni  H:  6. 00.  6. 04,  C  Ctlc  aUtcd  %:  si  6.31. 

Vetholodlde  of  2  <rJtromethyl-3  <S  chlo:^oet?>yrj-^;;muclldlne  Is  prepared  by  running  the  ec^valent  amouiit 
of  methyl  Iodide  into  a?,  ethc-eal  sol;:tion  of  the  co^1po^.vL  White  crystalt.  readily  soluble  in  water  and  alcohols 
insoluble  In.  ether  Mp.  136*. 

12.600  mg  f.bstance.  0.421  ml  NL.  (20*.  736  rem)  13.700  mg  subiUnce:  0.436  ml  N,  (20*.  736  mm). 

6  030  mg  s.bstaT/ce:  10.03  ml  0.01  .N  Na^^O^  5.&71  mg  substance:  9.94  ml  0.01  K  Na,S,<V 

FoiJJd  7t>:  <  3.77  3.81  )  35.20.  35.22.  Calc  Jated'^t:  .N  3.84:  I  34  90. 

a:boxyquirucL.dyl  ^3^}  acetic  Acid. 

40  ml  diethylairlroetharul  acd  the  fcydrochla.de  of  the  dlchlo:oar±yd.'’ide  of  12-ca^boxyqiilnuclldyl-<3)}acetic 
A.'  id  p  epa-ed  f’om  3  g  of  the  at  id  hychochlo  :de  a.-e  heaatd  on  a  water  bath  at  80-65*  for  3e  hours.  The  excess  diethyl- 
imiroethanol  is  tner  disrilea  off  L:  vacuum  the  !esi<i..e  -s  reated  with  50^  potassloro  carbonate,  the  separated  brown 
oil  is  ext’ar  ted  with  Mo  cfo  m.  'ollowLig  the  remowil  o-'  the  chlorofo’m  the  ester  is  distilled  in  vacuum.  B.p.  187- 
189*  at  0.3  mm  After  a  setorid  distUUtion  the  substar.re  i»  obtained  in  the  form  of  a  yellow,  mobile  liquid,  readily 
sol'-ble  in  water  afid  solvents  Yield  3.42  g  or  of  the  theoretical. 

3.700  mg  s-bsti’ce,  8  661  mg  CO.,  3.282  mg  K,0  5.529  mg  substance:  12.977  mg  CO^;  5.031  mg  1^0. 

6.915  rrg  s.bsti-ce  -S  04  ml  0.01  N  rt.SO^  ‘h-  C  i'>3.88,  64.05,  H  9.92.  10.18;  N  10.20.  CaH4^04Ns. 

Calc.Uted  1o  C  64.23  r.  S  98;  <  1j  22. 

T  imetnclodide  o^ai  ^d:eir.vlami>'oetjPyll  esre*  c*  '2 c-j-bovy  qulnuclldyl -Ollacetic  acid  is  prepared  by  mixing 
5'  akO'O.ic  sr!.,. tic.,  cf  *r»e  cop-pov'd  with  meinyl  ioc-d-e  v.p  197-199*  (with  decomposition).  White  crystals,  very 
sol'-ble  In  water.  irsol..ible  r-  alcorol,  ether  o'  acetone 

6  880  mg  s.bsti'v  e  2  44  ml  0  01  .<  .N  4,97.  Calculated  ‘9»:  N  5.02. 

S"'V  v.»  P? 

1.  A  mefhoa  is  developed  fo'  jxepa'ing  2  3  dist  ?.Tj;*!r:ed  quiniiclidines  starting  from  ilie  ethyl  ester  of 
3  [pv  Idyl  (4;}  acyllc  4010 

2  p  V  ;  boxyq'j-  .clidyl  3  ]  .,eeric  v  id  ixa  sc— e  if  iu  de’ivatives  and  transformation  products  are  synthesized. 
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Av  64;'  22:(i9-;o; 

(2]  V.  •>.  R  D’stv  ana  V'  1  Do  cz^ovi  ,  'je*  Crem  23  706  (1963),* 
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*  See  Co'Seha'is  ru'cau  L  g'.  sn ‘'.nr s'a.. o:  pace  7  --  f. 
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SYNTHESIS  OF  POLYNUCLEAR  H YD RO A RONIATIC  KETONES 


VI  3  KETO-1,2.3,11.12.12*-HEXAHYDRO^,7-ACECHRYSENE 

S.  A,  VArdADyan.  P.  A.  Zagorett  and  G.  T.  Tatevosyam 


In  Communication  III  fl]  it  was  shown  that  chlorocrotyl)-y-(i-TiAphihyl)-butyric  acid  (L  R*H)  la 
hydrolized  by  sulfuiic  acid  at  the  chlorine  atom  and  the  resultant  keto  acid  undergoes  a  doi^ble  consecutive 
cyclizatlon  into  a  leone  of  the  chrysene  series: 


The  presence  of  «  methoxyl  g’oup  iP  the  5  position  of  »he  naphthalene  nucleus  (L  R  =  CHj,0)  which,  accord¬ 
ing  to  the  literature  [2]  promotes  peri  cyrliz-atiOn  of  tlie  co.cespordlng  y  •<i  'naphihyl)-bu:yric  acid,  doncs  not  in 
this  case  hinder  the  formatior  of  a  keto'se  of  the  chryse'e  series  [3]:  this  i?  evidently  due  to  the  presence  of  a 
substituent  (in  tnc  present  case  the  y  <hlo*oc!otyl  radical)  ii'  the  a  position  to  the  carboxyl  group  which  favers  the 
urral  ortho- cyclizatjon  of  y --(I  «’aphthyl;  bjryic  acids  [4l 

A  case  of  perlcyclizaiion  was  dexnbed  b>  Fieser  and  Bsiers  [5]  who  cyclized  6  ■(3-ftceiiaphthoyl)-propIonlc 
acid  by  fusion  with  a  irixture  of  alvirLi'j.m' chloride  arul  sodi-m  c'rdoride  The  product  of  cyclizatron  was  diketo- 
dihyd'o  homophenalene 


whose  structure  was  demo'-jcated  by  o>icl»tion  to  1.4,5  8  re-taca-boxvlic  acid.  Tre  a.tho’s  explain  tne 

formatior  of  a  predict  of  pe'I cyclizaiion  by  tiie  p’ese'ce  l”.  the  iiue  c-»in  of  a  carbonyl  gro.p  which  hi’’der$ 
ortbo-c ycllzatlon,  arxi  by  the  p-»'»  dirccuve  l"noe’'fe  of  the  ace  b'ldge  in  the  '’ucleis. 

In  view  of  the  above  conride-atlons  it  could  be  assumed  trial  the  effect  of  sulf'xrir  hyd-clysls  and  cyclization 
of  a  (3<hlo:oc*otyl)  y  -(3  *cer.aphthyl)  butyric  acid  (21)  would  be  tr>c  fo’rraiio*.,  i-  place  of  3 -keto- 1.2,3.11,12,12a- 
hexahyd'o  <1,7  acech'yscne  (IV)  o*  side  by  side  wiih  it.  of  the  rsomeri.-  netcnc  (HI)  with  o-.e  se\e.r-tpembe»ed  ring:  (See 
top  of  itext  page).  ■' 

The  present  c  orrmu.nication  is  devoted  to  the  synthesis  of  id  (III)  a'-d  the  study  of  the  pn>d..ct  of  its 
interaction  with  suiforic  acid. 


Acid  (II)  was  synthesized  ftom  the  ethyl  ctter  of  y-(3-acenaphthyl)-bL’tyTlc  acid  p?cvlously  described  by 
Fieser  and  Peters  [5]. 
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^CCl 

C'Hj 
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NaOH 

CjHjOH 
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/\\ 
ii  J 
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<!:(f.ooH)»  CH 

ii 

CCl 

y 

CH. 


(VIII) 


Tlie  pfoduct  of  leaction  of  acid  (II)  with  siilfofic  acid  (s,ft.  1.70)  at  60  65*  had  the  composltior 
and  not  the  coii' posit. on  of  the  anticipated  pcntacychc  ketone  (III  or  IV)  C^,il,,0  A  sjbstance  wiUi  composition 
Cj»H,jO|  could  be  the  'jrf,atu»ated  lactone  (IX)  which  could  be  formed  from  the  prod'ict  of  silfu'ic  acid  hyd’Olysls 
(the  keto  acid)  by  lacto.iization  followed  by  dehydra»io«  nf  the  lactone:  (See  top  of  next  pape)  O'  it  co-.-ld  be  one 
of  tfte  dike  ones  (X)  a'‘d  (XI)  which  could  be  formed  from  the  same  keto  acid  by  intramolecular  acylation  in  ir»e 
pen  or  ortho  pout. ort  respectively  (See  next  pace). 

The  *'<ture  of  tire  compound  was  eluc. dated  by  t'eatinp  it  with  boiling  aqueous  alkali.  A  salt  was  r^t  formed 
as  w’ss  to  be  expected  m  prcser'ce  of  a  lactone,  but  an  infarnolec ular  aldol  condensation  took  place  with  fo'mafiof. 
of  a  perr’acyclic  ketone  with  the  composiiion  CjiHyO. 

Cor'sequenily.  contraty  to  the  previously  studied  rases  of  sulfuric  acid  hydrolysis  and  twofold  cycllzatiou  of 
a  (3  <Mo'oc»o:yl)  y  arylbutyric  acids,  in  this  case  the  rransformatiOrTs  initiated  by  sulfuric  acid  stopped  at  the 
suge  of  formation  of  ttiC  retracyclic  diiietonc. 
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In  Fig.  1  the  ultraviolet  absorption  curve  of  ketone  is  compared  with  the  absorption  curve  of 

3-keio-l, 2.3, 11,12, 12a -hexahydrochrysene  which  was  plotted  by  Wilds  and  co-workers  [6]. 

The  close  similarity  between  the  cirves  is  evidence  that  the  Investi^yited  ketone  is  also  ar  a  sB-tinsaturated 
ketone  with  the  conjugated  double  bor*d  system  of  1  naphthalacetone  (bifurcated  maximunj  at  275  '280  mp),  coiitain- 
inc;  the  cyclic  system  of  chrysene.  The  latter  fact  was  confirir'rd  also  by  study  of  the  product  of  dehydrogenation  of 
t|^-  ketone. 


X8\- 


^KJOO 


2000 


ion 


iOO 


350  tnjl 


Jib 

fitt.  1. 

1  -Absorption  curve  of  ketone  C,|Hi,0. 

2  -  absorption  curve  of  3  keto-1,2  3,11, 


2. 

1  -Ahso'ptior;  cu’^ve  of  nyd'^ocarbon 

2  absorption  curve  of  3  intibylchiysene. 

3  -  absorption  cj've  of  benzarlhrene. 


U'  the  structure  of  the 
ketone  were  to  be  represented 
by  formula  (in),  then  its  de¬ 
hydrogenation  ought  to  lead 
to  isomc-ization  of  the 
sevpn-membeied  r mg  into 
a  six  membered  ring  with 
fo'iraiion  of  metbyl  -ace- 
ber,zAr.ihrene  (XIl).  another 
possshiJity  would  be  com¬ 
plete  cleavage  of  the  methyl 
group  with  formation  of 
acebenianthrene.  But  if 
the  ketone  has  stiuctme  (IV). 
the  product  of  its  dehydio- 
genaiion  should  be  fi.T  »ce- 
cluyscne  (XUl). 


12,  12a-hexa  hydrochrysene. 


Ip  Figure  2  the  absorption 
ciTve  of  the  product  of  de- 
hydfOgepatJor.  melting  at 

238  23'j*  *nd  cc*’e.spordl'»g  in  coir  position  to  formulas  (XII)  and  (Xni)  is 
compared  with  the  absorption  cotve  of  3  methylclcyscne.  prepa'^ed  by  the 
action  of  methyl  magnesium  iodide  on  3  keto  1  2.3,11,12.12>  hyd'oeru ysene  follov/ed  by  detiyd'ogenatlon  of  the 
product  Xormed.  The  complete  similarity  between  the  curves  of  botn  hydrocarbons  and  their  similarity  to  the  absoj’p- 
tion  curv  e  of  clirysene  [7],  as  v^ell  as  the  coincidence  of  theu  rraxima  (318  322.  306-310,  2£i4  296.  283 -28  (  mp). 
confirm  that  these  hydiocarbons  contain  an  identical  system  of  condensed  aromatic  nuclei.  Moreover,  these  curves  both  in 
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gene-al  form  and  in  the  posUion  of  i^e  maxima  differ  sharply  In  an  Identical  manner  from  the  absorption  curve 
of  be.xirth»er«  fS]  which  Is  plotted  in  the  same  diagram. 

Cons’ qae:'.tly.  the  absorption  curves  of  the  investigated  compounds  In  conjunction  with  the  method  of  pre- 
paratio'’.  and  the  analytical  data  demonrttate  that  the  hydrocarbon  Is  6,7-«cechry$ene  (XIII).  while  the  ketone  whose 
dehydrogenation  yields  this  hydrocarbon  Is  3-keU)~l, 2, 3.11, 12,12a  hexahydrO"6,7-*ccchry$ene  (IV). 

EXPERIMENTAL 


The  starting  B  (3-acenaphthoyl)-ptoplonlc  acid  was  prepared  as  described  by  Ficser  and  Peters  p)  by  con- 
dcrsLng  succinic  anhyuride  with  aceruphthene  in  presence  of  aluminum  chloride  In  nitrobenzene  solutlmi.  The 
acid  was  purified  from  the  Isomeric  6-<l-acenaphthoyl)-pfoplonic  acid  via  the  sparingly  soluble  sodium  salt  and 
twice  tectystallized.  It  then  melted  at  208*.  Redaction  of  50  g  of  the  keto  acid  with  zinc  amalgam  and  hydro- 
chlo’ic  acid  according  to  the  general  procedure  of  Martin  (91  gave  30.8  g  (65.2^  of  the  theoretical  amount)  of 
7 -l3 'SC eiuphihyl) -butyric  acid  %rtth  m.p.  142-143*. 

Ethyl  ester  of  y-(3-acenaphthyl)-butyric  acid  (V).  A  mixture  of  100  g  7-(3-acenaphthyl)-butyric  acid, 

500  ml  9C^o  alcohol  and  25  ml  concentrated  sulfuric  acid  was  boiled  on  the  water  bath  for  6  hours,  following  which 
about  200  ml  alcohol  was  driven  off  and  the  cooled  mixture  diluted  with  500  ml  water.  The  product  was  extracted 
with  ether,  the  ethereal  solution  was  washed  with  dilute  sodium  caibonaie  solution  and  then  with  water  and  dried 
with  anhyd'ous  sodium  sutfate  Afte^  driving  off  the  ether,  distillation  of  the  product  in  vacuum  gave  101.5  g 
(90  of  the  theoretical)  viscous  liquid  with  b.p.  200-202*  at  3  mm.  The  distilled  material  completely  ciysUi- 
lized  on  standing  M  p  39*.  The  ethyl  ester  of  y<3  acenaphihyl) -butyric  acid  was  described  by  Fleser  and  co- 
wo^ke-s  [10]  as  a  viscous  liquid  with  b.p.  188*  at  0.5  mm. 

-Accnaphthvl)-ethylmalonlc  ester  (VT).  To  6.1  g  sodium,  pulverized  in  boiling  toluene  And  freed  from 
tolue.ne  by  -washing  with  dr'-  "’her,  was  added  150  ml  absolute  ether,  followed  diopwise  by  a  solution  of  12.6  g 
absolute  alcohol  in  50  irl  dry  ether  At  the  conclusion  of  the  violent  reaction,  the  mixture  was  boiled  on  the 
watet  bat.h  'or  3  hours  To  the  cooled  sus.nension  oi  alcoiiolate  was  then  giadually  added  a  solution  of  57  g  ethyl 
oxalate  in  cO  ml  absolute  ether.  With’Jt  30  minutes  of  the  terminat.on  of  the  violent  reaction,  addition  was  made 
to  the  'eaction  mixture  of  a  solution  of  70  g  ester  (V;  in  100  ml  absoiute  etliei  The  mixture  was  gently  boiled  on 
t.’-.e  water  bath  for  20  hours  and  after  cooling  it  was  decomposed  by  gradual  addif  on  of  sulfuric  acid  (15  g  cenc. 
sc.d  in  200  mi  water)  The  product  was  extracted  w:ui  ether  ^nd  the  ethereal  solution  was  twice  washed  with  . 
water  and  c'ied  with  sodium  sulfate.  After  the  ether  Itad  been  driven  off.  the  product  was  decomposed  by  heating 
in  a  vacuum  of  the  order  of  8-10  mm  until  the  frothing  due  to  evolution  of  carbon  monoxide  had  ceased.  Two 
distillations  in  vac  jom  give  CO  g  (67,5^  of  the  theoretical  yield)  of  the  monosubstiiuted  maloric  es»er  (VI)  in 
the  fo'm  of  a  viscous  liquid  with  b.p  216-218“  at  3  mm. 

C  :C2!  g  Substance.  0  2776  g  COj.  0.06C8  g  HjO.  0.1102  g  substance  0.3004  g  C(\,  0.0714  g  H*  O 

Fo.md  C  74.15  74  34.  H  7  26,  7.19,  Calculated  ^to.  C  74.12,  H  7.06. 

[£  i;3  nceraphthvI,vethy}-<3 -chlolo)  ctot  yl]-!nalonic  ester  (V.U)  To  a  so)uuon  of  aodiair  alcoholate  p<epa'ed 
f’oin  11  g  socium  and  luo  g  absolute  alcohol  was  added  170  g  monosubsututed  malomc  ester  (VI).  Afre'  30 
irunutes  stand. ng,  7.'  g  freslily  distilled  1 ,3-dichlorobutene  2  was  gradually  run  in  with  surging  The  >eiction  mix¬ 
ture  was  boiled  for  C  hours,  afrer  which  water  acidified  with  hydrocnlorlc  acid  was  added  the  reaction  product 
was  dissol.cd  in  ether,  the  ethereal  solution  was  washed  with  watei  and  dried  over  sodtum  srlfaie.  The  solvent 
wasd'i’.er  off  and  the  residue  distilled  twice  in  vacuum  to  give  102  g  (47.650  01  the  theoretical  amount)  oI  the 
disubstituied  malonlc  ester  (VII)  in  the  form  of  a  viscous  liquid  with  b.p  230  232“  at  3  mm  It  crystallized 
. co.-rpletclv  after  standing  for  two  days  M.p  46-47*  after  fcc'ystallization  from  alcohol. 

0  rt'4  g  Substance  C  O  toC,  g  AgCl,  0  1188  g  substance,  0.03  98  g  AgCl  Found  5o:  Cl  8.41,  8.29. 

CjjHj^^Cl  Calculated  Cl  8.28. 

ff.jjS-Acenaphthvli-cthyHG  cb]oro)-ctot\ll  malr-  uc  ar;d  (VIII).  4  mixture  of  112  g  of  the  dlsubstl^uted  malomc 
ester  (Vll^,  31  g  NaOH  a^-d  o.vj  ml  ’X)5o  alcohol  was  refluxed  for  6  hours;  300  ml  water  was  then  added  and  the 
alcohol  distjled  off  corrpletcly.  After  cooling,  the  alkalirn:  solution  was  washed  with  ether  and  gently  heated  on  the 
Wile*  bath  fo'  complete  'emioval  of  the  ether  Acidification  of  the  cooled  solution  with  dilute  hydrochlo'lc  acid 
caused  sepa^auon  of  a  cty.^alllne  substance  which  melted  at  174-175“  after  rccrysullizatlon  from  ben^rerve.  Yield 
92  7  g  (95  25i>  of  the  theoietical  amount) 


0.1094  g  subsunce-  0  0412  g  AgCl.  0.1140  g  substance:  0.0430  g  AgCl.  Found  •>:  Cl  S.34,  9l39. 
CgjHjjQ^.  Calculated^:  C’  9.53. 


c  X3-^or<>croiylh  y-<3  acenaphthyiv-butyrlc  acid  (Hi.  00.7  g  of  the  disubstituted  malonic  acid  (VIII)  was 
decarboxylated  by  beating  under  reduced  pressure.  The  resultant  oil  solidified  when  triturated  with  methyl  alcolKd. 
Recrystalllzation  fronn  alcohol  gave  60  g  (73it  of  the  theoretical  amount)  of  a  colorless  crystallixve  substance  with 
m.p.  1 14-11 5*. 

0.1024  g  subsunce;  0.0431  g  AgCl.  0,1026  g  substance:  0.0439  g  AgQ.  Found  Cl  10.41.  10.59L 
CxiHjuiO^jCl.  CAlctlaied  Cl  10.80. 

1  -Keto-2  -(  Y  ltetobjtyl)-T2,3  4  tetrahydio  8. 9  acepr^  j^t.ri.rri’eT’e  (XI).  To  75  g  sjlfu^lc  acid  (ag.  1.76)  was 
g’adually  added  10  g  of  the  pulverized  s^bstitu’ed  bury’lc  acid  (U)  with  aiding.  After  standing  for  half  an  hoax. 

The  mixture  was  heated  on  a  water  bath  in  a  carbon  dioxide  c^rre^t  at  50-55"  for  35-40  minutes  uatil  acid  (IQ 
had  dissolved  completely.  The  mass  was  the?  left  at  roon}  temperatxre  for  3  hou  s.  after  which  period  U  was 
poured  on  to  Ice.  The  separated  product  was  dissolved  In  ethers  the  ethereal  solution  washed  with  dilute  caustic 
alkali,  then  with  water,  aird  dried  with  sodium  sulfate.  Removal  of  the  ether  left  4.3  g  yellow  crystals  (48.4  ^ 

of  the  theoretical  amount  on  the  basis  of  the  formula  M.p.  115-116*  after  recrystslliiatior!  from  methyl 

alcohol. 

0.0926  g  subsunce  0  2797  g  CC\,  0.0  592  g  H*0.  0.0992  g  Substance:  0.2980  g  CO^.  0.0612  g  HjO. 

Fojnd  ‘5t>.  C  82.37.  81  92;  H  7.10.  6.88.  Ct,rt»,0^.  Calculated  C  82.19:  H  6.85. 

Ir  mo'C  drastic  co^diuo-  s  cf  reatmert  wlin  solfiL'ic  acid  (higher  concentraiior.  and  temperature  arid  more 
P'olooged  heating),  the  st^tirg  substance  was  almost  completely  sulfonaied. 

3-Keta-1.2.3  11.12.12a  ■hexa.n\dro-6.7-acechry!iene  (IV).  3  g  diketcne  (XQ  was  boiled  for  4  hours  with  40  ml 
NaOH  solution.  The  svbsta,Tce  at  fi’si  melted,  then  changed  into  a  solid  clot  and  finally  disinieg.raied  into 
powde”.  This  was  fdie-ed,  washed  ««.un  ware-  a^'d  twice  ler rysiallized  from  methyl  alcohol  (boiling  with  animal 
cna'coal).  ‘ield  1  9  g  167.6*5?  of  the  theo’^etic*!)  of  light-yellcw,  lustrous  leaflets  with  m.p.  184-185*. 

0.1012  g  s'.bsti-ice  0  3240  g  Ca.  0.061C  g  H,0.  Found  <5t:  C  87,31;  H  6.69. 

Calculated  C  87.69'  r  6  58 

The  2  4  ■dinUiopT/enyL*’ yd  azote,  prepared  Ln  an  alcorolic  medium  and  rec'ysiallized  from  chloroform  ^alcohol 
mixture,  had  m.p.  171  172*. 

0.1076  g  ssbsurce  12.8  r,  1  S  5*  675  mm).  Found  °ic:  ^  12  33.  CjjMuO^n^  Calculated  12  33. 

5  7 _Acecn)3ene  (.XIII)  2.5  g  *<ct.one  (IV)  was  dehvd'oge*  aied  wUh  C.5  gpalladized  ca'bon  (10*5?  W). 
Dehyd/oge''ario’  was  pc'fo  med  i’’  a  gentle  sfe^rr  of  COj  ar  280  300"  io'  4  hou's.  The  deaydrogenairon  product 
was  ext' acted  with  beze^y:  At’emp’s  to  p->'lfy  the  c'^yde  de*>yd’C>per;iza*e  (afte^  ’emoval  of  the  benzene)  by  sublun- 
auo%  were  "’'stccessf- 1  beci.se  it  aecomposed  9i  J^mosp'^c  ic  p  essji'e  wlt'pout  sjbliming.  It  was  o-zifico  by  3 
.fCC’ ystallizatior s  f  orr-  be  ze  '-e  a’cn^  ol  rplxr,,re  (bcill-g  with  charcoai)  iilelu  0.5  g  crystals  with  a  fau'X  yellow 
line,  m.p.  238  239*. 

0  0906  g  s>,bsu  ce  0  3124  g  CO,  0  0466  g  H.:>  ^o.jrd  (  '■‘4  0-1  h  5.71  C  aleul-tted  C  94,44; 

H  5  56 

3  Kfethylch'ysere  was  p  ..patid  by  me  methoo  o1  W.los  n  p  [llj  oy  tj  e  action,  of  mag^esi-.m  methyl 

iodide  on  a  veto  1  2  3  11  12  12a  bexahyd-oc h-ysc-'C  [i]  fo'lcw-.-d  b,  lenyd’-oge-'.atio’-.  cf  the  .rpu’ified  product  (m  p. 

75  00*)  with  p^lladlzed  erbo'  Two  rec-ysiaHizarj.O's  f’om  be  ze-e  r.lco>>ol  rnlxt.^'c  gave  colo-less  c;»stal«  with 
ir  p  172*  (WUds  and  Sr.jrj;  eoa-t  m.p  172.5-1 '13. 5"). 

Tdc  o  a:.ge  pic  ate  rr-el'cd  at  165*  (the  s*me  a  .t'riO’s  g.' ve  iCt.  5- 167  5"). 

ST  V  V  A  P  ' 

1.  a-(3  Cblo'0'.*o»vl^  7  (3  are-aphthyl^  b  ny’-ic  acid  was  synmes'zed  ^-'d  tr<;  P'od',ctof  s)jlfu  ic  acid 
hyd'oiysls  and  cyclizailon  of  tt'!s  acid  was  mvestlga^ed. 

2  Ji  was  showh  mat  m  spite  of  the  p  esence  L»  the  •' apnmaief'e  T  iClCus  of  i’t»e  stA**I.''g  ac.td  of  the  4,5  ace- 
bridge  which  favo's  pctl  cyclizauon  of  7-(Tpaphinyl)  bctyric  ^cids,  in  ttie  present  case  orino-c yclization  took 
place  leading  to  formation  of  a  coirpo-j.-jd  with  the  cyclic  system  of  chrysene 

ft 
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IMIDAZOLE  DERIVATIVES 


VL  SYNTHESIS  OF  SOME  POLYBENZIMIDAZOLES  pj 

B.  A.  For «l-Koshit s,  L.  S.  Efros  And  E.  S.  Boichinova 


It  has  been  known  for  a  long  time  tlot  the  yellow  ptimuline  dyes  fenred  by  treatment  of  p-coluldine  with 
sulfur  contain  as  their  main  grouping  2-p  aminophenyl-S-methylbcnzothizaole  fl)  (dehydrothio-p-toluidine)  and 
products  of  its  further  condensation  with  sulfur  and  p-toluldine  containing  two  or  even  three  benzothfazsle  residues. 


Analogous  compounds  containing  imidazole  rings  have  not  hitherto  been  obtained,  and  we  have  therefore 
undertaken  the  synthesis  of  these  previously  unknown  compounds  by  our  previously  developed  method  p]  of  con- 
densatiat  of  o-Olamines  with  carboxylic  acids. 


It  seemed  that  the  simplest  method  of  P’-eparing  tnese  compounds  (II)  would  be  polymeric  condensation  of 
3,4-diaminobenzoic  acid 


NH, 


/ 


M  .N 


- -C. 


COOH 


(II) 


Experiments  earned  out  in  tfiis  direction,  however  showed  that  3,4-diamirobcnzoic  acid  is  not  amenable 
to  the  same  type  of  cordensauon. 


The  cause  of  thus  inability  becomes  clea*  f'om  the  star»cpoi.’'t  of  the  p^evioiisly  proposed  pj  mechanism  of 
condensation  of  carboxylic  acid  with  an  o  diamine  in  presence  of  minc-al  acid: 


OH 


OH 


Nri, 

Y  ^ 


\ 


Ri 


OH 

I 


R— C 


0 


OH 


Y 
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Wc  see  from  this  scheme  that  the  success  of  this  reaction  depends  the  .abUity  of  the  ca’bo'yl  group  of 
the  carboxylic  acid  tc  polaiiiiC  witt)  formation  of  an  electron  defrcier'cy  at  toe  c  a’bor.  atom,  ins  enables  the 
o-diamlne  to  combine  at  that  carbon  atom  It  is  natural  that  wnen  Tr*c  radical  of  the  0'gaT>.lc  acid  car*  compensate 
for  thi'  electron  deficiency,  the  condensation  In  question  proceeds  with  much  gfcate^  difficulty.  Even  the  berizene 
nucleus  can  exercise  such  an  effect,  so  that  benzoic  acid  only  enters  into  this  reaction  in  mcc  drastic  conditions 
than  an  aliphatic  acid.  In  the  case  of  p-aminobcnzoic  sc  d,  however,  conjcgatio.n  enables  the  amino  group  to 
compensate  for  this  election  deficiency  to  a  considerably  larger  degree.  Therefore,  as  we  established,  amino- 
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berizoic  Add  enters  Into  condensation  with  o-phenyleuedumlne  very  slugRishly.  forming  die  crxresponding  benzimidazole 
dcrivaUve  in  a  yield  of  not  more  that  Iblo  of  the  theoretical.  In  regard  to  the  investigated  3.4-dUinlnobenzolc  add. 
the  unfavorable  effect  on  condensauon  of  the  amino  group  Is  even  more  marked  than  In  the  case  of  p-amincbenzolc 
acid. 


Continuing  our  efforts  to  obtain  the  polybenzimidazole  derivatives  of  interest  to  us,  %re  resolved  to  weaken 
the  Uimful  effect  of  the  amino  groups  in  3.4-diaminobenzolc  acid  by  acetylating  them  and  converting  the  compound 
Ituo  derivatives  of  benzimidazole~5-carboxylic  acid  (IIQ 


R — Cx 
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NH  ^  COOH 

/ 


\  /V/ 

»  , 


(UI) 


where:  R=H,  Cf^ 


Subsequently,  however,  it  was  found  much  more  convenient  to  prepa«e  these  compounds  not  ffom  3.4<liamino- 
be'zoic  acid  but  by  oxidation  of  the  more  accessible  derivatives  of  5-methylbcnzimidazole  (IV),  whose  preparation 
has  been  desciiDcd  in  a  previous  paper  [6X 

Oa!  method  of  oxidation  of  the  methyl  groups  of  these  compou.nds  with  chromic  acid  mixture  gave  close  to 
the  quantiUiive  yield  of  products  in  all  cases. 

The  theoretical  considerations  about  the  ability  of  acids  (III)  to  condense  with  o-diamlnes  were  fully  con- 
fumed.  In  the  very  fi^s  experiments  we  obia med  compounds  with  two  benzimidazole  groupings  of  the  general 
formula  (V) 
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Ir  this  connection  it  is  interestmp  to  note  that  the  behavior  of  benzimidazole  carboxylic  acids  (III)  in 
this  re  id. or  vanes  profoundly  with  the  radical  R.  Thus,  the  most  difficult  of  the  invest. ^ted  compounds  to  condense  is 
t.^ic  unsubstituted  benzi.midazole-o-carboxylic  acid,  while  the  easiest  to  condense  is  2  phcnylberv.imidazo!e-5<arboxylic 
ac.d  i'vJ  the  acid  containing  the  CH^  group  occupies  an  interred laic  position. 

The  structute  of  co.m pounds  of  the  type  cf  (V)  was  confirmed  by  then  synthesis  fio.m  2 -dumino phenyl  benzimid- 
azoie  wtiich  was  specially  piepaied,  the  latter  was  coriden:,ed  wnh  organic  acids. 

Fot  the  purpose  of  t-jrthe:  lengtheninj  of  the  chain,  deruauves  of  bcnzimidazole-Scarboxylic  acid  were  sub¬ 
jected  to  condensation  with  3.4-toluylened;a.Tiine'.  and  the  resultant  dibenzimidazole  compourxls,  containing  a  methyl 
glOup  (VI). 
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(VII) 


were  oxidized  to  the  cot'^esponding  caiboxylic  acids  (Vil) 

Their  structure  was  confirmed  by  decarboxylation  to  the  previously  desciibed  compounds  (V). 

Corrdensatiop  of  these  acids  (Vii)  with  o  phenylenediamirie  arj  3.4-iQbiylenedUmlne  gave  compounds  with 
throe  be-^uridazole  rinj^s  (VlH)  and  (IX):  (See  top  of  r>ext  page.) 
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In  thlscAse  the  chAUcte!  of  the  substituent  Ri»;  tf>e  ci'.boxylic  icid  (VII)  wauialiy  did  not  materially  infla- 
etice  the  course  of  the  condensation.  Due  to  the  poo;  solubility  of  these  compounds,  the  chain  growth  was  stopped 
at  this  point. 

Concerning  the  general  properties  of  the  prepared  conipourds,  as  was  to  be  expected,  toe  increasing  size  of  the 
molecule  and  the  transformation  into  more  complex  compounds  was  accompanied  progressively  bv  a  fall  in  solubility 
and  the  compounds  became  mote  liable  to  farm  colloidal  solutions;  this  was  especially  marked  in  the  case  of  tri- 
benzimidazole  derivatives. 

Spectral  measu'ements  showed  Tor  benzimidazoles  an  absorption  maximum  in  the  region  of  2700*2800  A: 
for  dibenzimidazoles  one  in  tne  region  of  3100--3200  A;  and  fo’  uiberizimidazoles  one  In  the  region  of  3400-3500  A. 

AS  we  see,  the  absorption  maximum  of  these  compounds  gradually  shifts  toward  the  visible  region.  Visually,  how¬ 
ever,  even  tribenzlmldazole  derivatives  are  r«early  colorless  and  only  exhibit  a  taint  yellow  color  with  a  weak 
intensity.  Consequently,  in  this  series  we  find  confirmation  of  ihe  known  theory  that  imidazole  derivatives  are 
less  highly  colo’^edthan  thiazoles. 

EXPERIMENTAL 

Benziniidazole -S-ca^boxylic  Acid. 

1.32  g  6  iDechylbe^ziirslazcle  is  dissolved  m  10  ml  sulfuric  acid  (1.3);  with  heating  to  100-103*  and  with 
staring,  dropwise  addition  Is  made  of  2.1  g  cU'Cimic  acid  n*,  lO  ml  sulfuric  acid  of  the  same  concentration  as  before. 

15  minutes  after  the  completion  of  addition  of  the  oxidizing  agent  the  reaction  mass  is  cooled  with  ice  water  and 
the  precipitated  suliaie  of  benzimidizole-o<.aiboxylic  acid  is  filtered  off.  The  product  is  converted  to  the  base  by 
treatment  with  sodium  acetate  and  is  pjnfied  by  c’^'sullizatior  fforn  water  to  give  1-2.1  g  acid  with  m.p.  300-325*. 

2'-!;en2irpldazoIyl  5  —be ’•■z imidazole. 

1.G2  g  bc,'tzimidazole-5  ca-boxylic  acid.  1.08  g  o-pitcnyicnediamine  and  10  ml  20^  hydiochloric  acid  are 
heated  in  a  seeled  t.Jie  at  180  200’  fo’  -1  ho-u's  After  coolirg.  ti^  tube  l  opcied  and  a  consideiable  residual 
pressure  ia  manifested  (fo-rrauo;i  of  caibon  dioxide;.  The  contents  of  the  tube  a'e  r>eutj.allzed  with  ammonia  and 
the  lilac-coloicd  P'eciDita^e  is  filtered  a'-d  washed  with  wa»e?.  The  peculate  is  then  purified  in  the  form  of  the 
hyd'^ochlotide  which  is  c’ystallized  f'om  confe^t*aied  hyd’ochloiic  acid.  Vitld  1. 1-1.2  g  colorless  product  with  m.p 
3'i2*  The  base  could  no:  be  oLUi'icd  in  me  pu’c  lo’ip  because  du'ing  crystallization  It  fo’-ms  a  gelatinous,  un- 
filierable  precipitate. 

0.1255  .and  0  142C  g  sob5tar.ee  0  250S  and  C  2335  g  C  O  0.0-M7  a^td  0.0530  g  0.1207  and  0,0&64  g 
substartce  11*  &  ml  (12*  755  mm.)  and  15. -4  ml  (10*  757  mm)  N,.  0.13  *. 2  and  0  1308  g  subsunce.  10  a.nd 
0  8  ml  O.OSo  N  r»aOH.  bound  ^  C  55  fi3  54  48.  h  3. in',  4.j7.  n  18  3.  IS  09.  Cl  22.74,  22,87.  Cy^HijN^ 

2HCi  Calculated  C  54.72.  h  3.1*1 ;  ^  18  24.  f  1  23.12. 

2-Methylbehzimidazole-5  caiboxy  1  ic  Acid. 

Oxidation  of  2.5-diji)erhylbeazimidazole  to  t.his  ca'boxylic  acid  with  rkromic  acid  ir.  solfuric  acid  is 
carried  out  as  in  the  previous  case.  The  yield  is  7O-7.i0tf  of  the  theoretical  The  acid  may  be  recrystallizcd  from 
water  for  complete  purification.  M  p.  301-302*. 

2  MethyI-5-(2'-benzimidazolvl)-bcnz imidazole. 

1.70  g  2-me thy Ibenz imidazole -5-carboxylic  acid,  1.08  g  o  iwienyienedlamine  aid  10  ml  2t/5o  hydrochloric 
acid  are  heated  in  a  sealed  tube  for  40  minutes  at  180-200*.  The  reaction  miss  is  Aeubalized  with  ammonia,  and. 
the  reaction  product  is  filtered  and  crystallized  from  hydrochloric  acid.  >ield  2-2.5  g  of  dihydrochloride  in  the 
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form  of  colorless  needles  with  m.p.  339-340*. 

0.1368  *nd  0.1379  n  substance;  0.27  98  and  0.2823  g  CC^;  0.0578  and  0.0463  g  H|0.  0.1228  and  0.1311  g 
subsunce:8.8  and  9  35  ml  0.086  N  NaOH.  Found  C  56.77,  55.83;  H  4.70,  3.91;  Cl  21.88  and  21,76. 
CttHoN*  •  2HCI  Calculated  •Jo-.  C  56.07;  H  4.36;  a  22.20. 

For  the  purpose  of  conversion  to  the  base,  the  aqueous  solution  of  the  dihydrochloride  is  precipitated  with 
ammonia  and  the  precipitate  crystallized  from  aqueous  alcohol.  M.p.  340*. 

0.1013  and  0.1197  g  substance.  0  2  693  and  0.2970  g  C(\,  0.0455  and  0.0507  g  F^O.  0.0921  and  0.1174  g 
subsunce.  19  2  ml  (19*.  742  mm)  and  24.9  ml  (18*.  748  mm)  Found  ‘Jc:  C  72.53,  72.15;  H  5.02, 

5.07;  N  23.13,  21.11.  CttHi,N4.  Calculated  •To.  C  72.56;  H  4.84;  N  22.58. 

Addition  of  an  ammoniacal  solution  of  silver  oxide  to  an  alcoholic  solution  of  the  compound  btings  down 
a  flocculent  while  precipiuie  of  the  silver  salt  of  the  compound,  insoluble  in  water,  alcohol  and  aqueous  ammonia. 
Afier  drying  to  constant  weight,  the  silvei  content  was  deteimined  by  igmtion: 

1.04  66  and  0.50C8  g  substance.  0.4916  and  0.2338  g  Ag  Found  •To:  Ag  46.97,  46.14.  CuHnN^-Ag*. 

Calculated  •To:  Ag  46.72. 

The  lemon-yellow  plcrate  is  precipitated  by  running  together  an  alcoholic  solution  of  the  compound  with 
an  alcoholic  solution  of  picric  acid.  It  melts  sharply  at  282'282.5*.  The  product  contains  two  molecules  of  picric 
acid  per  molecule  of  compound: 

0.0822  and  0  0857  g  subsunce:  14.5  ml  (.19*.  735  mm)  and  15.2  ml  (20*,  753  mm)  Found'jb: 

N  19.54.  19  6  5  Ci5HuN4- 2CjH,N,0,.  Calculated  <51):  N  19.83. 

2.5 '-Dimethyl-5  -(2 "-benzimidazolyl) -benzimidazole 

1.22  g  3.4-toluylenediamine,  1.76  g  2-methylbcnzimidazoIe-5-carboxylic  acid  and  10  ml  2C'^.  •  .  jrochloric 
acid  are  heated  in  a  sealed  tube  for  4  hours  at  180-200*.  The  product  is  isolated  as  in  the  prccedi.ng  pt  eparation  and 
is  purifkd  in  the  form  cf  the  base  by  crystallization  from  50^  alcohol.  The  melting  point  is  high  and  indefinite. 

0.09CC  and  0  1620  g  substance;  0  2'-'C6  and  0  4308  g  COf.  0.0492  and  0.0624  g  H|0.  C.  1036  and  0.1111  g 
subsunce:  9.9  ml  (IS*.  7  49  mm)  and  20.4  ml  (19*.  751  mm)  Nj.  Found  ‘To-  C  73.60,  73.54;  H  5.70.  5.74; 

N  21.60.  20.85.  Calcubtexl  To:  C  73.2.8;  H  5.34.  N  21,37. 

Tne  base  .s  converred  to  the  hydrochloiide  by  crysuilization  from  20-25‘5e  hydrochloric  aCid,  The  colorless, 
fine  cry.=:uls  of  the  sal:  melt  ai  above  3  0*. 

0  1795  and  0  l'^73.g  subsianxc:  12.4  and  11.95  ml  C  086  N  NaOH.  Found  To.  Cl  21,11,  20.6. 

2HC1  Calculated  •To.  Ci  21  19. 

•  The  blight  y'ellow  pictate  comes  down  immediately  on  running  together  alcoholic  solutions  of  the  substance 
and  picric  acid.  M  p.  (itiaxp)  274*. 

2  htc;h..j-5-(5*-carhoxy-2'  bcozimidazolyl)  benzimidazole 

Oxidation  of  2  h’-dimethylbenzi.nldazolyl  •henzimidazole  to  the  carboxylic  acid  Is  performed  with  chromic 
acid  in  the  same  condition  as  In  preceding  pie  para  tions.  Tiie  sulfate  of  the  reaction  product  is  dissolved  in  aqueous 
amii'.on.a  and  treated  with  hydroriiloric  acid  to  bring  down  the  hydrochloride  and  the  latter  is  crystallized  from  10- 
'  '^,0  hjC'OchlO'  ;c  acid  The  colorless  hydrochloride  melts  at  about  350*. 

0  1489  and  0. 12'  9  g  substance-  0.28-}7  and  0.2304  g  CO,.  0.0655  and  O.C-Ml  g  M,0  0.1732  <nd  0  1648 
g  subsuricc;  22  9  ml  (I  j*.  757  mm)  and  22  2  ml  (20*..  m:n)  N,  0  1170  arid  O.IGKJ  g  substance. 

7  1  arid  10  4  ml  0  C8U  N  NaOH  Found  To.  C  52,18.  52  06.  H  4.07,  4.08,  N  15.25.  16  23.  Cl  19  38. 

18  7.;  CjfH^N.O,  2  HCT  Calculated  To.  C  52  60.  H  3.83.  N  15.35,  Cl  19.45. 

For  the  purpose  of  confirming  Its  structure,  the  acid  was  decarboxylated  A  well-uitutated  mixture  of  0.5  g 
subs:- rice  and  3  g  soda  lime  ..«as  hcdted  for  10  hours  at  280-300*  After  solution  in  water  and  ac  tdificaiior..  the  isolated 
product  of  reaction  was  pa'iaed  by  crystallization  from  aqueous  alcohol.  The  picrate  has  m.p  274*  and  does  not  give 
a  depression  with  the  pic'ate  of  the  above -desc r  Ibed  2-meihyl-benzimldazolyl-benzlmidazole. 

2  -K.e:hyi-5  F2*-benzimidazolyI-5  -(2*-benzimid3zolvT}]-bonzimidazole 

Pieparaiion  is  performed  by  condensing  3.7  g  of  the  hydtochloride  of  the  above-desciibed  acid  with  1  g 
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o  phcaylcnediiiT'l'ie  in  10  ml  Vydfy  hiorlc  irM  by  in  a  sealed  tiib®  i*  4  hours  at  180^00*.  Tl>c 

product  brcii&hi  d'jwr  by  ueiunenr  of  rhe  rc^c  liu”  mass  wlih  amnaonia  is  ps’ifled  by  crystalliaation  from  dilute 
hyd-ochloric  *c  id  yiclJ  ,bant  3  5  g  faJji  yellow  hydrochloride.  ld.p.  above  8«0*. 

0.14^6  g  0  1767  2  subsurce:  0  3002  sad  0.3573  gCO(j,  0.0802  aid  0.0685  g  HjO.  0.1496  and 
0.1582  g  substance:  23  6  ml  (22*.  765  mro)  and  2 1.8  ml  (22^  7&i  -nm)  0.1417  and  0.1516  g 
substance:  10.25  and  11.1  ml  0.086  N  uaOR  iouid  %:  C  55.17,  5i5.1|ii  H4.5d.  4.33;  N  18.17, 

18.02;  Cl  22.01,  22.36.  3HC1.  Calciilated  ‘Jl;  C  55.75;  H  t.Ol;  N  17.74;  Q  22.49. 

2  5*  Dimethyl-5  12=  be nzlmidizolyl  -5*-<2"-be.nzlmldazolyD}benzunldazole 

The  D'oduct  was  preoired  slrrila.'ly  to  the  p'ec-eding  p'epfctstVj?;  by  cotxlensation  of  the  acid  with  3,4- 
loluyle^icdUmlre  and  was  pn.’ified  by  crysuJliistioa  tore  dlliite  ryd*nchJo:lc  acid.  Yield  85-90^  of  the  theor¬ 
etical.  M.P.  about  400*. 

0.1168  and  0.1332  g  substance;  0  2416  ar-d  0.2741  g  ca.:  0.0480  a«!  C.0544  g  f^O.  0,1414 and 
0.1511  g  substance;  21  2  ml  (21*  700  rnm;  and  Z2.5  wJ  (2^*.  '^68  mmj  0.1060  and  0.1431 
g  substaricc-  7  5  and  10.1  ml  0.Q8C  •-  .«ou.^-d  -fb-  C  50  44.  56.15,  H  4.59,  4.57;  N  17.34, 

17.14,  Cl  21.60.  21.54.  l-aiculated  'Jb.  C  56.59;  .4  4.31;  N  17.23;  Cl  21.84. 

24Pheny]ben2unid<zole-5-carboxylic  Acid 

15  g  2-pheny]  5-methylbeazunid430.’e  i»  dissolved  in  300  ml  conceiiL'ated  sulfuric  acid  ar.d  m.e  sohitiOQ 
gradually  diluted  with  COO  ml  vaieT.  into  the  boiling  sclutior  u  gtid-ially  run  a  solution  of  18  g  cluomic  acid  in 
30  ml  water.  A  violent  '•ea.ctlon  takes  place,  at  the  cooclusicm  of  which  the  sulfate  of  the  carboxylic  acid  cryi- 
lillizes  out  from  the  siill  boiling  solution  Tlie  reaction  mass  i.s  coded  and  diluted  with  600  ml  water,  the  pro¬ 
duct  is  filtered  and  wavied  with  w^ict.  It  is  pu'ified  by  '■etv«cipit»!ioT!  wito  hydrochloric  acid  tom  the  ammon- 
iacal  solution  and  by  crysttfilizaiioc  from  d-lute  hyd'ochio'ic  acid.  Yield  IG  g  hydrochloride  of  the  carboxylic 
acid.  Long,  colotless  needles  (from  dilute  hydiochloric  acid)  m.p.  304- 305*.  The  acid  is  readily  soluble  In  dilute 
amino.nia  and  in  sodium  ca^bof’ate  solution;  it  is  precipitated  f»om  solution  by  hydrochloric  arid  sirlfiJir  acidS:  and 
less  readily  by  acetic  ?cid.  in  the  fo'in  of  the  'espective  sale 

The  hydrochlo’ice  of  this  coir. rvoend  w is  s-.b jeered  to  potentiorr'etric  tipaTjon  with  hhe  glass  electrode;  for 
this  pj'pose  0  ’500  g  wa.'  dissolved  in  12  ml  0  1  ciusi;c  alkali  and  titated  with  0  IN  hydrochloric  acid.  Two 
potential  ju;pt)s  were  obtained  the  fust  r to  the  insr,»ni  ef  ab^nce  of  free  alkali  fiom  the  solution 
after  addition  of  0  75  ml  0  1  ^  h yd'oenjurk  ^cid  (pH  S  4j  ard  the  second  (weake.r)  corcspondirig  to  the  appear¬ 
ance  in  the  solution  of  free  hyd'ochlo’ic  acid  after  addition  of  G  4  ml  0.1  N  h>-d,'och!oric  acid. 

Found  acccrditig  to- the  firs*,  pot.rrt  (12  rrl"0  75  mi  =  11.25  rri).  equ’valeni  weight  =  133  3:  accoiding 
to  tlie  ft’st  and  secoru  pni^is  (u.4  ml  "0  VS  mi  -  5  iiii),  ntol.  wt.  2G7.  C  Hi-l  Calculated  - 

mol.  wt  274  5.  equiv  wi  137.25 

0.10S4  gs'jbstarice  9,4  .ml  V  (15"  “•  G  nT-.:-,*;;  g  .-.-bs'-r-ce.  5.5  nrd  0  1*^  soJution  AgNO^. 

Found  ‘76.  N  10  34.  Cl  13  OG  S  -  HCl.  C  alc  ui#'.ed  *7?  10  20  Cl  12.95. 

2  ‘*l)Cnyl-6-(2  -ly;nz.UpidazoIyl ; 

2  75  g  2*pi)eryIbenzimid.izole'5  k’d  hyd  o,:h’o-iQc  U'd  !,5  g  o-ptKt-nyieocdLjn’ine  a>c  heated  in 

•5  sealed  tube  with  lo  ml  ^  tiyOrooiiln.tc  lOO  to'  G  ion  sat  Ibr^iOO*.  Tlie  pKcc.Ditate  is  filtered  and  twice  ;rc:e-rcd 
With  amiT>oni;i  solution  wl.iie  iiOi  to  .e;;io -  c  tr-ees  <•»  r  •.•LpoxyPe  »c  ic  Tr;e  p'vxiuct  is  pjnfied  by  several  c*y.'t«li'~oatioa5 
from  dilute  hydiochioiic  acid,  duri>">g  tb;;  or>e'>iiof!  -rkiiti.')';  :s  inaoe  lo  the  feJ.  iiot  crvsiallizailor'  solution  a  very 
ttnall  ainour.t  of  chromic  acid  solution  to  tiiC  O'O  tmiiied  by  a  secorjda*y  reaction.  Yield  3  g,  Fi>’re 

colorless  needles  (horn  dilute  bydriv: nioric  ac.d,  t;<  p.  .s.io''.  The  jxcouct  is  sOh>hle  on  htatiiig  .n  dhutc 
hydro-jiuo'ic  add  a'\d  »s  salted  cut  by  sn  cxc-t:,s  of  !i. 

Tl.e  free  base  is  obtamed  b,  ire?'r-_’  r  .n.  o;-  v  -.ifn  u  crysialltzes  rein  aqueOus  alcohol 

In  fine,  white  needles  M  p  30S  31G  .  Hji-  bdss  is  irvil-  l>le  i.n  dit.te  acetic  acid. 

A'Uly^s  oi  ihc  base 

0  1024  g  substance  0.2910  g  CO,.  0  I'-VZo  g  ■■t.C  C  vG.55  g  s*;b5Uuce  10  ml  S  (^2*.  7G2  mm). 

Fourtd  C  77  37;  H  4  62.  “  16  e  t  Ca’c  .•lated C  77.42.  H  4  52;  K  18.06. 

Analysts  of  llie  hyd’ochlorid^,'- 


V 


0.0752  g  substwicc:  30.5  ml  1^  (18*.  760  mm).  0.1003  g  subsunce:  2.85  ml  0.1  N  roluUon  AgNCV 

FourJ^;  N  16  35.  Cl  10.10.  C^iH^l^CL  Calculated N16.15  1  Cl  10.25. 

2 -Pl.e«iyi-5<<5*>methyr-2‘-benz:.mldazolyl)-ben2  Imidazole 

5  g  2-phenylbcnzimi<ia20le-5<arboxylic  acid  hydrochloride  and  3.7  g  3,4-toluylenedlamlnt  arc  heated 
Ir.  a  sealed  tube  with  20  ml  I9!c  hydrochloric  acid  foi  6  hours  at  180-200*.  The  product  Is  worked  up  And  puri¬ 
fied  In  the  same  way  as  the  preceding  preparation.  Yield  4.7  g.  Fine,  colorless  needles  (from  dilute  hydrochloric 
acid),  m.p.  311-315*. 

The  free  base  crystallizes  from  aqueous  alcohol  in  fine  needles  with  m.p.  329-331  .  The  base  is  insoluble 
in  dilute  acetic  acid. 

Analysis  of  the  ba«:. 

0.1051  g  substance:  C  .C971  g  CO^  and  0.0473  g  1^0.  0.0832  g  subsunce:  12.1  ml  Hg  (14*.  764  mm). 

Found ‘Jfc:  C  77.80:  H  5.04  N  17.48.  Calculated  C  77.78;  H  4.93;  N  17.27. 

Analysis  of  the  hydrocfHoride: 

0.1505  g  substance:  4  3  ml  0.1  N  solution  AgNO|.  Found  Cl  9.68.  CjjHj^N,^.  Calculated  Cl  9.83. 
2-l^ienyl -5 -(5 ‘-carboxyl '-be  iurimidazolyl)-ben2  imidazole 

4  g  2-phenyl-5-(5’iT3ct.*r  yl-'>*-benzimiuazolyl)-benziinidazole  is  dissolved  in  160  ml  concentrated  sulfuric 
at.d  and  the  solution  is  giadually  diluted  with  240  ml  water.  Into  the  boiling  solution  is  gradually  run  a  solution 
of  2.8  g  chromic  acjd  in  10  ir*  vatet.  At  the  conclusion  of  the  reaction,  il»e  sulfate  of  the  carboxylic  acid  crystallizes 
f»om  ine  still-boUing  soluiioii  The  reaction  mass  is  cooled  and  diluted  with  500  ml  water,  the  product  is  filtered  off 
and  well  washed  with  watei. 

The  product  is  purified  by  three  reprec’p.taiions  w.th  hydrochloric  acid  fto.m  hoi  ammoniacal  or  sodium  car¬ 
bonate  solution  and  thoroughly  washed  with  water.  Yield  3.5-4  g  of  the  hydrochloride  of  the  carboxylic  acid. 

Fine,  barely  yellow  ne-ed-es  with  m.p  314-319*.  The  acid  dissolves  with  heating  in  dilute  am.monia  and 
sodium  carbonate  soldtxjn  and  .t  brougjii  down  by  hydrochloiic,  sulfuiic  and  acetic  acids.  The  salt  of  the  acid  is 
readily  isclared  from  solution  r »  adding  sodju.m  chloride  solution.  Soluble  m  alcohol. 

0.15C0  g  acid  W3S  diiscivcd  in  12  ml  1  N  caustic  alkali  ano  subjected  to  potcntiometric  tination  wiilr  0. 1  N 
hydrochloric  acid  using  a  giaiz  electrode  Two  potential  jumps  were  obtained,  the  first  corresponding  to  the  instant 
of  Titiat.on  of  lire  excess  alKa’.i  after  addition  of  4.2  ml  hydrochloric  acid  (pH  8.8)  and  the  secoivd  cortespoiKling  to 
tne  appearance  of  free  hydroc’Jcr.c  acid  after  audiiion  of  8  .mi  G.l  N  hydrochloric  acid. 

iound  according  to  rr-e  :Vsi  point.  (12  ml—4.2  rnl  =  78  ml),  equlv  wt.  192-  3,  according  to  I'tic- first  and 

seco^id  points.  (8  ml- ’  2  ml  =  3  8  ml),  mol.  wi  395  C„H^O,N^  HCl  Calculated,  rnol  wt  390.5; 

eqiav  wl  1S5.25. 

0.0985  g 'ubsta  nee  12  .tI  N,  (18*.  7*  5  mm).  Found  <55  N  M  36  C,iHu(\N^Cl  Calculated^.  N  14  34. 

2-Prier»yl-5-[2  bcnitimidacol’.  1-'  2~  tcnzl!ni<:a-,solyl)l-ben2imidazole 

)  •  g  2-phcnyi-— (5  ca-rc  x>-2‘-benzi:r.icazolyl)-b<.nr,imidar.olc  and  0.75  g  o-f>henyIericdiamirie  are  heated 
with  10  ml  I'fvc  hydrochloric  ar-c  in  a  sealed  tube  at  20C-220*  to*  1C  hours  The  r^ecipuate  is  filtered  washed  with 
water,  and  twite  treated  with  carbonate  solution  with  hcailijg  for  removal  of  residues  of  carboxyl.c  acid.  Tlie 

pioduct  IS  puiif.ed  by  dissolv.n  .r  dilute  acet.c  ac;d  and  precipitatinc  as  the  d.hydrochloride  by  add.tiOn  to  the  hot 
soluuon  of  conceritrated  hyd'.<*_ar.c  ac.d.  Tnc  puiification  is  tcpt  iied  several  iimcs  The  frst  trme  a  few  drops 
of  ch'omic  acid  solunon  arc  acoec  with  the  h^  ’.:ochlOMc  and  to  decompose  the  dye.  Yield  1  2  g  fvareh’  yellowisn 
slender  long  needles  o*.  hyd'oe.' .c;  .de  darkening  lightly  but  not  melting  even  at  360*.  Almost  insoluble  in  wate*  ana 
organic  solvents 


0  2021  g  sabstarice  3  .  rrl  Nj  (18*.  742  rrtn),  0  I'OO  g  substance.  6.0  ml  0.1  N  so'utiorv  Ag’^Oy 

foend'Jb.  .\  IG  t8;  Cl  15.  2HC1  Talculated  ^o.  N  10.80;  Cl  14  20. 

2-Piieriyl;5-[2  -benzlrnidazoly'.  :  - 5* -fPCthyl-2''-benzimid3zoIvl)}-benzimida20ie 

3  P  2-pheryl-o-(o  -ca  bor- -2'-benziniicazolyl)-bcn-imidazole  and  1  5  g  3,4“tol<jylenedlaminc  are  heated  with 
20  ml  10*70 hydrochloric  acid  a  :-^aled  tube  at  20^-220*  for  10-20  hours  The  product  is  separated  ar.d  purified  as 


»bovc.  Tleld  1.8  g,  Tb«  Iwfjely  veUow,  slender,  loug  needles  of  the  dihydiochlorlde  (Urken.  but  do  not  melt  even 
at  360*.  Aliirost  in&oluble  In  vrite:  and  organic  solvents. 

The  base  Is  obtained  by  ceAtn:e*Jt  of  the  salt  with  ammonia.  It  is  likewise  nearly  insoluble  in  orgasiic 
solvenu  bat  dissolves  readily  in  aqueotrs  acetic  acid  to  form  a  salt,  and  it  may  be  isolated  from  solution  by  adding 
hydrochloric  acid  or  even  sodium  chloride  solution. 

0.0610  g  subsunce:  8.2  ml  N,  (16*.  770  mm).  0.1002  g  subsunce:  0.0557  g  Agd.  0.1500  g  substance; 

5.6  ml  0.1  V  AgNCV  Found  N  16.1j  Cl  13.6.  13.7.  2Ha.  CalcuUted  %  N  16.4;  Cl  13.8. 

Fxpe>iments  on  Conde»>s4tlon  of  3.4-DUmLnobenaolc  Acid 

2.25  g  3.4^iami:^obenzoic  acid  hyt^ochloride  is  heated  with  10  ml  20^  hydrochloric  acid  in  a  sealed  tube 
at  180-200*  for  40  minutes  A  fairly  high  pressure  was  always  present  ir.  the  tubes  after  completion  of  the  reaction. 

The  contents  of  the  tubes  are  filtered  and  the  solid  crystallized  several  times  from  10^  hydrochloric  acid.  Yield 
0.1  g.  m.p.  325^330*.  The  yield  increases  slightly  if  1  g  o-phenylenedlamLne  is  added  to  the  tube  before  the  icac- 
tiOIL 

The  .»^e$tJtaiTr  3.-i-<lUa?inopher>ylbenzimIdazole  absorbs  nluous  acid  without  forming  a  diazo  compound, 
b  acetic  acid  solution  it  gives  with  phenanthrcAequinone  a  copious  green  precipitate  with  the  characteristic 
reactions  for  phenamhrazlnes. 

Fo-  copfiimitlon  of  its  stTtxtu’e.  the  product  was  condensed  with  formic  arid  and  with  acetic  acid.  1  g 
P'oduct  a»»d  0.5  m!  ACid  we»e  heated  :n  5  mi  2Ci^  byd.'o:h]oric  acid  at  180*200*  for  40  minutes.  The  resultant 
compound,  containing  two  benzimidazole  groupings,  were  purified  in  the  form  of  the  hydrochlorides  and  found 
to  be  IdenticiJ  with  these  p’^evio*., sly  described  derivatives  in  respect  to  melting  points  and  the  melting  points  of 
theL’  picrates  ("lo  dep*es4lo^  i-r  mixed  melting  tests), 

SDMUAILT 

1.  Products  of  a  ''ew  and  previously  undesenbed  type —linearly  arranged  polybenzimldazolc  derivatives  — 

.may  be  ];rep3.ted  by  va  -lous  .routa  of  whjch  the  best  is  condensation  of  a  carboxylic  acid  with  o-toluyicTediammc 
followed  by  ox'dition  of  *he  met.nvl  g'oup  of  the  ^ornted  imidazole  derivative  to  carboxyl  and  further  condensa- 
t'on  with  an  a.*oni<tic  o<ll/;m*.r’e  tnts  method  subs'-aryres  are  chained  conta-ning  two  and  three  benzimidazole 
groupings  in  a  line 

2.  The  p‘ep».  ed  compou.twis  co.mpa’ed  wihi  the  kr'own  p’lmuline  dyes  containing  similarly  arranged  benzo- 
tb.izole  ri'gs  have  r.ot  so  deep  a  color 

L  IT  ERaT'R-E  CITED 

[1]  L  S.  E’  os»r*d  "  A  tio’ii  iicshtts  ■  Gen  Chern  23,  697  (1953).* 

[2]  Gaiterirar.'.  22  -122  1  063  (1889) 

[3]  AC  kob^jr.  22  330  (1889). 

[4]  f  N'e'  A.'t'.flcial  C olo*;*)g  vi.ane:s  State  Che m.  Press,  200  (i 93 .). 

[5]  ‘  /.  Po’ii  *  osMts  O  r  Ci''zba*g  ano  U  S.  Ef'os  ’  Gen  Chem.,  17,  1768  (1947). 

[6]  «.  A  '»o*  j.‘  *^’osrlu  L  S  Ff’Os  and  0  ^  G  -rzhu'g.  ,  Gen  Che*  ,  19.  15-t5  (1949;.** 

Received  juJy  1  1952  A.  E  »^’ai-KjDshit$  Uboraiory  of  Oganic  Dye 

Techrology,  Leningrad  Inaitute  of  Technology 


•  See  Ccrisii>a'^*s  -ireau  Lr'C’.’sh  fans’auon  page  ’’25  if 

••  See  Co's-j  'ants  f’u'eau  E'gV’sh  Va"s'ar.cr  page  1555, 


879 


imidazole  derivatives 

VU.  rREPARATlON  OF  KENZIMIDAZOLL  SOLfOJJIC  ACIDS  lY  THE  SOn'EJtlNC  METHOD  [1] 

L.  S,  Efrot 


of  btOiiiiDid^zole  derivatives  with  coflce?tr*ted  wlfuric  Acidt  gives  the  ;  onespotHii&g  sulfosic 
■i.c^ds  which,  According  to  the  litexatoie  nw-v  be  'J^td  as  emilslf^wg  agestA 

We  DAve  succeeded  in  also  piepaiisg  the  s<ilfof<ic  acids  of  tl«ese  compcuiNds  by  aaotber  method,  whU b 
consists  in  the  suueting  of  their  acid  sulf&ies.  Hitherto,  this  method  was  krown  only  “^or  the  ixrep*kraticc  of  sul¬ 
fonic  acids  of  mainly  aromatic  amires  and  has  never  fieea  applied  far  the  LT-tioducilo.':  of  the  sulfa  pour,  ijpio 
heterocyclic  systems 

Id  the  present  case,  as  well  as  generally  in  processes  of  sii^teilng.  during  heatixig  of  the  idfates  of  ben- 
ziujidazoi  derivatives  at  above  the  melting  point  wate’  is  fhst  evolved  and  sulfamic  ac  ids  are  appaierdjy 
fo-med  which  are  easily  hyd’olyzed  by  water.  Co^’-sequeniN,  if  the  melt  is  poured  into  water  after  completiou 
of  this  sL^ge  of  the  reaction,  the  original  benzimidazole  can  be  very  easily  isolated  by  neutralization,  Oa. 
fwibe  heating  of  the  melt,  however,  these  miermediate  products  are  smoothly  transformed  into  the  usual 
S‘jlfy>ic  acids. 


tnis  msthed  we  obtained  good  yields  of  the  s  ilfooic  acids  of  benziiridazoleff^  arid  2-n)etr.vlberizi- 
midfzole  (U). 


HOyS'-^/^ KH, 


CH 

(I) 


Ch-C.H^ 


I  ! 


m 


rxHi 


Tee  position  of  tlie  sulfo  g’oup  in  tnem  was  c^mfi  med  by  thei':  synthesis  by  the  cor-depsatio’*  of  1,2  - 
phcfiy .cnediaiPljie  ‘r-salfordc  acid  (HI)  wim  lo-rr-lc  atd  acetic  acids  by  tte  previously  described  method  [31 

Ir  wving  horn  Uie  above  benzimidazole  Oe’ivitlves  to  compounds  with  more  coirplex  sobstU'jer.ts 
In  rr/2  2  rrf'  iTiOn  the  sintering  reaction  is  very  se»\oi,aly  Llndc'ed  tlie  yields  fail  and  the  preparation  ot  til  • 
foric  scids  hoin  them  by  the  sittie*  rrtihod  no  lo  »ge'  p?esc  as  practical  value. 

^s  «as  slown  ea’lie?  [-5]  tbe'e  a'C  specific.  tCii.-ies  about  Lne  chemicai  beriavior.  of  lv;rz’jr’:diiX.ie  ii-s 
its  de*ivativcs  which  can  only  be  explained  on  the  bjis  of  it»e  si'acpire  of  tl»e  molecule  of  these  cOTy^cens  as 
i  Wi","  >'.u  cove',  the  'eaction  o'def  cornde’s'.o-'i  'ewcaisi'ie  close  ■■elafion  between  ine  ^e  cem;*'-'  'Os .rtci 

a'Oin-iie  -»iT<if>es  of  tne  benzene  se'ics. 


E  X  R.l  >^1  i  fn  T  A I 


i-i- ir  1  d  1  zole-.'  sulfonic  A  c  id 


base  w 


i'ep3'5Tior  bv  the  method  of  sioic'ing  o}  sulf^'e 

*TJ-.  in.D  no*  (0  ]  mole)  which  is  thoiOfgfdy  iMMraied  i*'a  moai’  with  •'  ml 
acid  (s  p,  1  8  )  (0  12  mole)  The  initially  hO'  i'qvid  ir-.ss  'jpidiy  soiidif’cs. 
f-jrj'Cl  -  d  well  v^asned  with  ethc’  at  tlk;  pump.  Aits’  d'yjtg,  about  li-  gc'y 


Tlie  sulf^'e  is  o’epfed  f-om  11.8  g 
cOiv.er'’  a'cd  t/ljPic 
It  ts  t'4ns(e"ect  'o  a  preela.a 
sulline  be’>ziniicl<z-cic  saiUreis 


obii.i.'vcd. 


0  lOfll  ifid  0  107r)  g  SKbst-f’ice;  0  1173  s’*i  (:,‘i]7o  g  ^Oiiud  “fc:  ’^^SC\  15. <1,  I5.d. 

t’-.'VS  •  Calculated'^,  45.3. 

5  g  cf  ihe  sop.cps/ed  benzirr'id-izclc  sella’c  is  plii  cd  Ln  a  sho.'t  test  tube  of  msxiii!»ir.  w'iiih  -...d  ceaicd 
on  an  oil  b-: ih  at  22C**240“  until  v^atc-  wapo’  ceases  to  coins  oif.  Tlie  hstn  temperature  is  irKr'Ciir<..c  lafau  to 
2t)P  280'  -  nd  lie ating  continued  until  a  specirijen  ot  rtv  ipeil  when  dissolved  in  water  no  lor-ge*  deposits  bei-zi 
indazole  when  ammorui  is  added.  The  me't  is  cviUjlized  tom  a  very  sm^ali  amount  of  waic’  to  g've  4^t.c  g 
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benzim'dAzole-S-fulfonic  Jicld  in  form  of  colorless  needles  wiih  ni.p.  366-367  (aftei  3-4  crystaJlizations). 

The  pioduct  is  readily  soluble  in  aqueous  ammonia  and  soda  less  soluble  in  water,  and  poorly  soluble  in  aico  tol. 

0.0SP8  and  0.1005  g  substance:  12.0  and  12.3  ml  N|  (l8*.  756  mm).  0  1220  g  substance:  0  1467  g 

BaSO^.  Founds*:  N  14.20,  14.32:  S  16.50.  C^H^NjS.  Calculated*^:  N  14.13,  S  16.15. 

Preparation  by  condensation  of  l,2-frtienylenediamine-4 -sulfonic  arid  with  formic  acid.  1.12  g  phenyl- 
enediamine-sulfonic  acid  (0.005  mole),  1  ml  formic  acid  a.nd  5  ml  weter  axe  heated  in  a  sealed  tube  at  180-190* 
for  40  mlntrei  After  cooling,  the  tube  is  opened  and  the  ciystals  are  filtered.  Yield  0.95  g.  After  several  crys¬ 
tal  lizations  from  a  small  amount  of  water,  the  product  is  obtairicd  as  needles  with  m.p.  365-367*.  A  mixed  sample 
with  the  sulfonic  acid  prepared  as  above  melts  at  the  same  temperature. 

2-Methylbenzlmidazole-5-Sulfonlc  Acid 

Preparation  by  sinterinit  of  2-methylbenzimldazole  sulfate.  The  sulfate  was  prepared  in  the  same  way  as 
benzimidazole  sulfate. 

0.1173  and  0.1137  g  substarKe:  10  1  and  9.9  ml  0.1  N  NaOa  Found  H,S04  42.2.  42.7. 

Calculated  *^jo:  42.6. 

Sintering  of  this  sulfate  is  effected  as  in  the  preceding  case,  except  that  a  longer  period  is  required  and  the 
te.mpeTature  has  to  be  raised  to  280-290*.  The  yield  of  2-methylbenzimidazole-5-sulfonic  acid  is  2-2. 5  g  ftom  5  g 
salt  (about  50^  of  the  theoietical).  The  substance  forms  colorless  needles,  very  soluble  in  hot  water,  less  soluble 
in  cold  water  and  insoluble  in  alcohol.  The  m.p.  is  very  high  and  indefinite. 

0.1012  and  0.1025  g  siibaance:  11.5  and  11.7  ml  N|  (18*.  758  ram).  0.1597  g  substance:  0.1712  g 

BaSO^  Found ‘Ji;  N  13.3,  13.36,  S  14  70.  C,H,pjN,S.  Calculated*^;  N  13.26;  S15.08. 

Preparation  by  condensation  of  1.2-i^nylenedia.T!ine-4-siilfcnic  aerd  with  acetic  acid.  1.12  g  f^nylene- 
diamine-sulfonic  acid  (D.OOo  mole),  1  irl  aretic  acid  and  5  ml  water  arc  healed  in  a  sealed  tube  at  180-190*  for  40 
minutes  This  reariior  gave  1  g  of  a  product  whose  outward  appeai.ance.  solubility  In  water  and  alcohol  and  be¬ 
havior  on  beating  in  a  capillary  were  entirely  reminiscent  of  the  properties  of  the  product  obuined  by  the  sinter 
method. 

0.1461  g  i-brtance;  0.1597  g  RaSG*  Fourid ‘Ji,:  S  14.98.  C,H,0,n:,S.  Calculated  *59:  S  15  08. 

SUMMARY 

The  method  of  sinteiing  of  sulfates  of  benzimidazole  and  2-n,ethylbenzirriidazole  was  applied  to  tlie  prep- 
aratton  of  t.pe  sulfonic  acids  of  these  compounds,  thus  demonsttaung  u."*  possibility  of  application  of  this  method 
also  to  the  synthesis  of  sulfo.nic  acids  of  certain  hetcrocyrlic  compourxls. 
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TRANSFORMATION  OF  3,3'DIMETHYLTETRAHYDROFURAN  INTO 


3,3'DIMETHYLTETRAHYDROTHIOPHENE  AND*  3 . 3-D  IMET  H  Y  LP  YRROLIDINE.  XU 
Yu.  K.  Yuryev,  G.  Y*.  Kondratyev*  and  N.  K.  Sadovaya 


In  a  previous  Investigation  it  was  shown  that  horrologs  of  tetiahydtofuian.  In  the  conditions  of  catalytic 
tiansfcrmation  of  oxygenated  heterocycles  into  rings  with  othe’  hetetoatoms.  aie  tianaformed  -‘depending  on  the 
number,  magnitude  and  position  of  the  methyl  groups  in  the  ring —either  into  ihe  conesponding  homologs  of 
tetrahydrothiophene  or  into  diene  hydrocatbons  or  irto  a  mlxt<ije  of  both  compounds. 

2,2,5,5-TetraalJ<yltetiahydrofii^s  only  gave  a  mixture  oi  die.%  hydrocarbons  with  vairlous  positions  of  the 
double  boids  in  presence  of  alumirj  in  a  hydrogen  sulfide  atmosphere  [1],  When  2.2-dlmetnylteGahydrofuran  was 
led  over  ihe  catalyst  in  the  same  conditions,  two  competing  reactions  took  place  simultaneously:  dehydration  of 
the  oxygen-containing  heteiocyclc  with  ftnmation  of  unsaturated  hydrocarbons  and  transformation  into  2,2-dlmethyl- 
tetrahydrothiophene . 


It  is  clear  that  the  usual  reaction  of  >eplacement  of  the  bridge  oxygen  by  another  heteroatom  is  suppressed 
in  the  case  of  2,2-disabstituied  teDahydrofuians.  Dlalkyltetiihydroforan*  with  another  structure,  namely  2,6-<lim- 
ediyltetrahydrfuran  PI  and  2.-5  dimcrhyltetrahydiofuian  p]  react  normally  and  are  trar-sformed  in  good  yield  into 
2,5-  and  2  4  dimeUiyltetiahydrotrtiophene,  respectively.  The  first  stage  in  the  transformation  of  oxygen-conuining 
heteiocycles  into  sulfui<ontaining  ones  (’^uptore  of  the  ’ing  at  the  carbon-oxygen  lir-kage)  with  addition  of  the  ele¬ 
ments  of  hydrogen  sulfide  undoubtedly  proceeds  Identically  in  all  compounds  o;  the  tetiahydiofuian  series,  but  the 
direction-  of  the  subsequent  dehyd.ratior.  of  the  intermediately  foTued  1.4-mercaptooxy  compound  is  determined  by 
the  peculia’ities  of  its  structure. 
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Irt  the  case  of  foimatiori  of  dileiii.\’->  1  t-ir-trc.-pMoxv  c.o.'T-pourids  fiom  2,2.5.5-ieL'aalkyltetiahyd'ofu’ani. 
the  jxocess  ut<es  place  exclusivciy  arco^ding  lo  scheme  (il)  i  e..  Witli  s.multaneous  cleavage  of  water  ard  nyd’O 
gen  sulfide,  and  le»ds  to  dieiur  hydrocarbons  Ln  the  case  of  pfiman- -tertiary  1,4  mercapioak onols  (Rj— R»  — me 
reaction  proceeds  simultar,eously  in  the  twc  possible  di'cctiots  (1)  and  (II),  and  gives  a  mixture  of  diet^s  (p-*odjicts 
of  dehydratiofv  arxl  hydrogen  suJlide  cleavage^  and  the  cO'respo-'cilng  tekahydiolhiophene  hornolog.  fnally.  di 
secondary  (Rj  =  R^=H)  and  puma' y .-second a* y  (R,— R^— f^=^)  l.  i  inercaptooxy  compounds  “like  dipri.mafy 
(formed  from  ictrahydrofu'an  in  which  Rj=Rj  =  R,=R,  — h)  — no’inaliy  undego  dehydration  to  tefahydrothiopncne 
homologs. 

Alkyl  radical'  located  a’  the  li-ca'lxin  atom  of  let'anyd’of-i'e'i  exceicia;  the  least  Influence  on  trie  yield 
of  the  correspoTiding  tctrahydrothiopt-cne  hornolog  and  3  alkylteuahyd'ofu'ans  a»e  fansformed  iriio  S  alkyiiefa  - 
hydrothiophc'ies  or.ly  with  sligfitly  lower  yields  than  tci»*nvd-ofu  an  itself.  3-fnethylteiiahydiofo'a«'  gives  3  memyl  • 
tetrahydrothiophene  it)  a  yield  of  6(f,'o  [4],  while  tet'an)d»othicphe.r'e  is  obtained  from  iet'ahyd.’ofu.ran  trt  a  yield  r-f 
£•0%  [5]  Attention  is  also  d-awn  to  the  fact  that  a-alkylteoiriyd'otritopherres  a'c  formed  ko.m  3  alkyltetahyd'o-- 
fuians  in  bcite'  yields  than  arc  tlie  conespondme  a -slk  vliei!ar  >d'Oii.iopr>encs  fromu  alk>ltetrahydfOlura''s[i.]. 

The  irarsfotmation  of  lepahydiofuran  homologs  Lrto  pynolidme  hoiriologs  Is  ma'ked  by  the  s«me  regclxMtjCv 
but  the  yield  of  pyrrolidine  hoiiiologs  is  lower  than  the  yield  of  their  sulfur  contaLning  analogs 

In  this  invesugation  we  e.vamlned  the  uanifor manor,  of  3,3-<iijTiethvlteLfanydrT0fi.ra*t  imo  the  co».:espordi»ig 
nitrogen-  and  .'ulfui  containing  heieiocyclic  cempo-jnds  (i  was  esiablistied  that  the  presence  of  two  methyl  rrdicais 
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at  one  aod  the  umecarbon  atom  of  the  ring  did  not  hiiidei  the  uan:fo;.T.aUoB  of  S.S^lmet^ltctrahydiofuran 
Into  3.3-diniethyltetiahydiotJuophe()C  (yield  73<?»)  and  Into  3.3-diinethylpynolidlnc  (yield  A\%.. 

Regarding  3,3-dlnie:hyltetiahydrofuran  Itself,  we  must  note  that  the  literature  cc.ttains  erroneous  statements. 
In  dcscrihJng  the  reduction  of  the  diethyl  cstet  of  a.a-dlmcthylsucclnlc  acid  with  sodium  In  ethyl  alcohol,  Blanc 
(6j  reported  that  he  l<ola:ed  from  the  reaction  mixture  a  few  milliliters  of  a  subsunce  with  b.p.  85  which  did  not 
mix  with  water  and  possessed  an  acetone-like  odoi.  BUnc  suggest '^1  ihat  this  rubsunce  was  3,3-dirocthyltetrahydro- 
furan,  although  the  data  of  the  elementary  analysis  deviated  considerably  from  those  calculated  for  3,3*<limed)yl<- 
tetiahydrofuran. 

After  pie  paring  S.B-dimcthyltcDahydrofuian  In  tlie  pure  state,  we  were  coivinced  that  Blanc  s  suggestion 
was  erroneous,  the  constants  and  properties  of  3,3<limcthyltetiahydrofuian  ate  entirely  dlffetent  from  thoc  of  the 
subsunce  isolated  by  Blanc. 

EXPERIMENTAL 

1  Preparation  of  3  3  Dlmethyltetrahydrofuran 


3,'}-Dlmethyltetrahydrofuran  was  prepaied  by  the  following  series  of  reactions: 

:OOC,Hs  CNCCOOCjH*  CNCHCOOCjHj  CH^COOH 


CNCHjCOOCjHj 


^  CH,C00C,K5 
I 

(CHjJjCCOOCjHj 


C(CH,), 


CNqCH,), 


(CH^CCOOH 


CH,CH,OH 

(CHj),CC1^0H 


a)  Ehyl  ester  of  c.S^Iicyano  -fnethylhutnic  acid  PI'  b  p,  152-15o*  (22  mm);  1.4382;  dj*  1,0486; 

MRjj  45  13  Calculated  MR^  45.05. 

Literature  data;  b  p  13C-14T’  (9  mm)  f*]. 

b)  c  .c  -Dime thy Isuccinlc  ac.d  .  was  preptred  by  hydrolysis  of  the  ethyl  ester  of  a  ,8-dicyano-8 -methyl- 
butyric  ac.d  [7j.  b  p.  13C*-14C*.  Yield  of  tne  theoretical. 

Uteratare  data:  b  p.  138-139‘  b.p.  141-142‘  £8];  b  p.  139-140*  [ftj 

c)  Diethyl  ester  of  a  .a -dirrethylsuccln.c  acid  was  prepared  from  a  .a-<5imeihylaiccinic  acid  aT^d  absolute 
alcoliol  by  saturation  with  hydrogen  chlO!,de  riu],  b.p  101*  (15  mm),  Pq  i  4233.  dj*  0..993C;MRjj  51.8* 

Calculated  .v.Rq  51.69  Yield  oi  the  theoretical. 

Literature  data  b  p.  lor  (15  mm;  [8];  b.p.  215*,  nJJ  1.421.  dj*  0.994  fill 

.2.2  DL-pethylbt.:abediol-l  .4  was  prepa.'cd  by  reductio"  of  the  diethyl  este»  of  a  a  thylsuccinic 
aciu  with  sodium  in  absolute  aicor  oi  p2j;  b  p  ITT*  (8  rnm).  1.4513,  d“  0  9739;  32  63,  C,.M^^O| 

Calculated  MRq  32  96  Yield  C3°iici  t.hc  tiaroretical 

L.teraturc  data  b  p  123*  (9  mrn).  d*,  0  996  [12], 

3  3  Dm..eth>ltc-tTahvdrofu;an  A  mixture  of  9  2  g  2.2  dimethylbuunediol-l  ,4  arid  0  S  g  finely  fit.i-ated 
«»iUniino*ll.cate  catalyst  was  ."leated  in  a  distillation  flask  at  180*1  «■*  The  distillate  was  satu’ated  with  potassium 
f  a'honatc  and  tne  5  S-dtmethyltetiahydrofuran  (which  floated  to  the  su’i'acc)  was  d’-ied  with  calcium  chlotide  and 
distilled  iluoijgh  a  column  Two  distillations  o\e>  sodtuin  ga\c  puie  3.3^;methyltet7ahydtcfa  «n  with  b  p  '.*8  99 
(750  mm),  n^*  I  4121.(li*  0  8455.  MRq  29  44  C^H^O.  Calculated  NlRjj  29.35. 

Found  C  71  26.  71.  :•  .  H  12.15,  12  12.  C«H^O.  Calculated  C  71  99.  H  12.09.  Yield  95^  of 

the  theoretical  3.5-Dime;hyl;euahydrofu'an  has  not  been  described  in  the  litetature 

i _ T_ra  n»  for, mat  .cf,  o;  3 . 3  •  D  1  m  e  t  h  y  1 1  e  t  r  a  h  yd ;  o  f  u  t  a  n  into  .3 .  .3  -  D  1  rr  e  t  h  y  1 1  e  t  r  a  hydro  t  h  lophere 

10  5  g  3,3-dirpc:hy;tetiahydrofa^an  was  pasa.d  o-.e?  alurrina  in  a  soearr  or  hyd'ogen  sulfide  at  350*  wttn  a 
\elority  of  1C  drops/  min  The  catalyzate  was  collected  1"  •  well  cooled  leceiver  and  was  saturated  wi»h  solid  kOd 
and  extracted  with  ether  Alter  diiving  off  the  ethet.  irte  reaction  product  was  distilled  through  a  colum-'-.  to  give  a 
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f  ictiOT;  With  b  p  143  146'’  (^55  inir)  After  a  second  distillation  over  sodium,  the  S.S-dlmethyltetrahydrothiopheiie 
possessed  the  followl’Tfi  co''stA’^i$.  b.p.  144-143*  (735  mir):  ng  1.4861;  dj*  0.9374i  MIU  33,55.  C«Hj«S.  Calcu¬ 
lated  VKjj  35,40.  "^be  ireltrg  point  of  the  HgCl,  'ompound  is  148*.  ^ 

Found‘d:  C  C1.98  G2.01i  H  10.30,  10.21;  S  27.60,  27.59.  CeH^S.  Calculated  V  C  62.05;  H  10.35j  S27.59. 

'Yield  8.9  g  (73^  of  the  theoretical).  3,3'Dlmeihylthlophaae  has  not  been  described  in  the  literatuie. 

3.  Trs  nsfo*  mat  Ion  of  3,3-Dirrethyltetrahydrofuran  into  3. 3*Diroethylpyrrolid  Ine 

10.2  g  3  3^ureihyltetrshydrofurar  was  passed  over  activated  A1|0,  in  a  stream  of  ammonia  at  325*  with 
V  velocity  of  6  dmps/  ml’  ‘IT’e  catalyzate  was  saturated  with  solid  NaOH  and  extracted  with  ether.  The  ether 
exi-sct  was  dried  with  ¥.OH  the  ether  wis  d'ive?  off  <.nd  the  residue  distilled  through  a  cowma.  The  first  dia- 
tillatlOD  gave  a  fraction  with  b.p.  100-110*.  After  a  sec-end  distillation  the  3.3-diipethyIpvrrolidi3ie  had  the  con¬ 
stants  b.p  lia  ill*  (7G0  mir).  1.4386.  d”  0.8422;  VJljj  30.95.  Calculated  h'Jljj  31.31.  Yield 

4  2  g  (41  *19  of  the  theo’etlcal), 

Tlie  pJerate  (recrystillized  toir  alcohol)  b,ad  m.p.  15»f  . 

Fo.>7Hi«lfc  N  17  51  Calc,.lited  <59:  N  17.57. 

3  3-OiiT»ethylpy”oUdine  has  not  beer  described  i.n  the  llieratu’^. 

SIVV.AR? 

1  The  3  3  drirethyitet-ahydrofarar.  described  iv  this  paper  differs  corsiderably  from  the  substance  ei- 
•o«-,eously  assuiicd  bv  -ia»c  to  be  3.3  dime  thy  lteL*ihy(l:ofu_an. 

2.  It  was  ertabUsoeo  thit  3  3  dr.'pethyUetrsnyO’ofurar  Is  smoothly  transformed  Into  3.3-<limethyltetra- 
hyd’othiop.here  i>’  tne  corditions  of  c*tilytic  I’arsfo'mit.on  of  oxygen-conuming  beterocycles  Lnio  rings  con¬ 
taining  other  beteroiioms 

3  ry  mear.s  of  me  ‘eaction  3  3  Oimethyitetiahydtofu’an  Is  also  trarsfo’med  into  3.3-dlmeihyl- 

py’'Olidi'e 

4  It  wi s  estsblished  f,*!  wher  two  mctr-vl  g'O.ps  iie  present  at  one  and  the  ss.me  carbon  atom  inite 
D-p-ositior.  of  ir-c  tei*--'r.ya'CtV40  'i'^  iho  c.»tiV.ic  ri'sfo.’invtion  o*  tne  oxyger.-eoria.r.xrrg  heierocycle  only 
proceeds  m  the  drertio-’  of  fo  matio”  of  cyclic  systems  w!tn  ome-  hetercatoms 

5  The  i'.fixiucuc-  of  a  secoftd  met'nyl  f^'oop  ir  the  S  position  of  the  tetrahydrof..ra:.  ring  has  considerably 
less  ’.r  fi,,er)ce  o’  tne  v’Cid  of  -'ir.-oger  i’d  s*;Jfi.’  co?.'.»mi'g  D.oducis  of  catalynic  trar^^o  rraxior.  of  heterocycles 
fhi'  me  irt'oduciio'i  of  fxi  f.'sT  irethvl  g’Oup. 
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THE  ACTION  OF  AROF/aTIC  DIAZO  COMPOUNDS  ON  COMPOUNDS 
OF  THE  TYPE  OF  A  LK.YLACETOACETIC  ESTERS  AS  A  METHOD 
OF  PREPARATION  OF  A  R'i  LH  Y  D  RA  ZINE  S  OF  JCETO  ACIDS. 
ot'AMINO  ACIDS  AND  N  IT  ROG  E  N  C  O  NT  A  IN  INC  HETEROCYCLIC  COMPOUNDS 

XV.  SYMTHESIS  OF  D  L^iL’TAMIC  ACID 
V.  V.  FeofiUktov  and  N.  jr.  Semenova 

Glutamic  acid  was  fitsi  isolated  how  the  byd’oly^ate  of  vegeuble  pr.o»ei»  by  RitthS'jsen  p.}.  who  also  proposed 
for  it  the  structural  formula  which  was  later  coifL^med  by  Dinmar  [2],  Markovrdkov  p]  and  Wolff.  The  latter  effected 
its  synthesis  [4].  A  series  of  synthetic  methods  for  iis  oreparation  a’e  known  and  may  be  divided  broadly  into  four  groups; 
those  based  on  reduction  of  o-niuosogluiaric  acid  or  its  esters,  pi’epa'^ed  by  various  routes;  synthesis  using  a~ketoglutaric 
acid,  syntheses  by  the  St-ecter  Zelinsky  method;  and  syntheses  on  the  basis  of  amino-malonic  ester. 

Wolff  [4]  was  the  first  to  p-epare  gluurric  acid  from  the  nifosogl  jtaric  acid  derived  from  levrlinic  acid.  This 
synthesis  is  only  of  historical  interest.  Mcllwamand  Richardson  [5]  obtained  nitrosogluuric  acid  from  a-acctogluiaric 
ester,  which,  lit  tum,  was  ptepsied  from  a-c hi oro propionic  and  acetoacetlc  esters  by  a  slight  modification  of  the  method 
of  Clemo  and  Welch  [6],  they  prepared  glutamic  acid  from  niirosoglutarlc  acid  In  a  yield  of  39*5o  reckoned  on  the  origi¬ 
nal  chi oropropionic ester,  Hamlir  and  Hartung  raised  the  yield  by  the  same  method  to  by  conducting  the  reduc¬ 
tion  in  presence  of  platinum  oxide  at  a  hydrogen  pressure  of  10  atmospheres,  and  thereby  rendered  this  meUiod  suitable 
for  prepa'ative  pu’poses. 

Ihe  dlfficiiJUy  accessible  a  aetogjuta-’ic  acid  is  the  starting  rnateiial  in  several  methods  [8,  9]  which  are  devoid 
of  preparative  value  In  the  same  class  arc  also  the  sv^rhescs  of  keimatsu  and  Sugasawa  [10, 11]  by  the  Strecker-Zei- 
insky  method  fmm  S- fo'mylp'onionic  acid  and  its  esters  which  are  derived  from  acrolein. 

Alkylation  of  aminomalonic  este'  wiih  S -c hio’op-opionic  ester  did  not  give  a  high  yield  of  gluumic  acid;  the 
yklds  could  be  considerably  imp<'Ovea  howcve’.  by  alkylat,.ng  henz^aminomalopic  estei  with  3 -bromopropionic  ester, 
and  ihis  method  is  suitable  for  p'epa'ative  purposes  [131. 

AcetaminomalOTiic  este*  w4s  ^Ikvlated  with  acrylonii.'ile  [14]  or  with  meihacrylonitrilc  [15];  subsequent  hydrolysis 
and  dtca»ix)xylai.on  gave  gluLimk  icid  tn  good  yields.  Phtf.aliminom.^ Ionic  estc"  was  alkylated  [16]  with  3  cblorotKO 
picnic  ester  o’  with  methyl  ac'ylate,  hydiolysis  (requi.ing  dusiic  cof>dit;or.s)  and  decarboxylation  of  t've  ir-.tej mediate 
products  gave  glutamic  acid  in  good  yields 
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Of  the  syrihcies  desc'ibed,  ktc  simplest  is  the  one  utilizing  ti<e  lelatively  accessible  o  acetoglutaric  ester.  There 
are  difficulties,  however  h  con  ectioo  wiUi  iti  ojt'osatioa  with  alkyl  niuite  or  r.tTOsyls.jlf'JL*ic  acid  to  form  hyd’-oximtrm 
giutaric  este;  and  in  connectio*  with  tne  s-ibsequcn;  reduc'io  by  'ne  methods  of  McDwam  and  Hamlin,  resulting  i"  low 
yields  or  .requiring  special  app^'atus  It  w.»s  itierefo’e  a  rn»Tie'  of  in.te'est  to  synthesize  this  amino  acid  from  o  aceto 
glutanc  ester  by  rhe  'elainely  simple  method  of  one  of  i.s  the  syifiesis  tnrougb  the  stage  of  the  readily  accessible 
arylhydrazones  of  a  keio  ac*ds  which  coabics  itic  abo^e  difficulties  ro  be  avoided 

O  Sbbinitiing  the  o  tolyhyd'azone  of  a  kc’oglutiMc  ic  id  •  to  led  icnou  with  zme  dost  ard  acetic  acid,  we  did 
indued  obtain  gldamic  acid  with  a  yield  i:  this  stage  of  81  The  symties's  stages  may  be  »epresepted  by  the  fcUcw 

ing  scheme,  (sec  page  838 V 

The  accessibility  of  it-e  sianiJ-g  material  (I;  me  high  yield  of  the  in’e’ mediate  o  tolylhyd’Szone  (ir>  which  did 
not  requi'e  pu'ificaTior.  the  simplicity  of  isolauon  of  the  f  ee  sipino  acid  f’om  the  reactiorf  mixiu'c  and  its  fo»“ 
maticn  In  high  yield  a'C  adva'^tages  of  this  method  of  synthesis  of  glutamic  ac  id 


•  'fhe  o  tolylhydrazone  had  a  seiics  df  advantages  ove"  me  p.^eo-ylbydrazone  fcorn  the  preparative  argle.  ^ 
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EXPERIMENTAL 

(D) 

(HI) 

D.L-Cluumic  acid  (111).  A  solution  of  5.0  g  of  the  o-tolylhydrAzone  of  oHteloglutatic  acid  (m.p.  159-160*) 
[18],  In  50  ml.  cone,  acetic  acid  was  placed  m  a  long-necked  200  ml  round -bottomed  flask  and  heated  on  a  boiling 
water  bath,  to  this  solution  was  added  zinc  dust  (16  g)  in  small  portions,  each  poition  being  dissolved  before  the  next 
w,s  added  after  a  period  of  20-30  minutes  from  the  surt  of  heating,  a  total  of  50  ml  water  was  introduced  in  small 
p:Mtions  ove:  a  period  of  i^  -  2  hours.  Reduction  by  heating  on  the  water  bath  required  a  period  of  about  4  hours 
(regative  Billow  reaction).  The  solution  was  filtered  and  the  zinc  dust  on  the  filter  was  repeatedly  washed  with  hot 
water;  the  filtrate  was  diluted  with  water  and  extracted  several  times  with  ether  to  elimirute  the  o-toluldlne.  Zinc 
ion  was  precipitated  with  hydrogen  sulfide,  the  precipitate  of  zinc  sulfide  was  repeatedly  washed  on  the  filter  with 
hot  water,  and  the  filtrate  and  the  wash  waters  evaporated  to  dryness  on  a  water  bath  in  vacuum.  The  residue  was  a 
truck,  light-brown  mass  which  crystall;zed  when  stir.red  with  a  small  quaiuity  of  absolute  alcohol:  the  crystals  of 
glu'amic  acid  were  drained  at  the  pump,  washed  with  absolute  alcohol  and  dried;  weight  2.38-2.55  g.  yield  81-67^; 
m  p.  185-189*  with  decomposition  RecrysuUization  from  70^  alcohol  gave  D,L-gluumic  acid  m  the  form  of 
colorless,  rhombic  <x  hexagonal  ublets  melting  at  195-196*  (uncoir.)  with  de  com  posit  ioiu  Literature  data:  197* 
ri7).  198*  [4). 

Found N  9.76.  9.76.  Calculated  <51.:  N  9.52. 

SUMMARlt 

The  possibility  was  shown  of  extending  V.  V.  Feofilaktov's  method  for  fxeparation  of  a-aminocarboxylic 
acids  to  o  aminodicarboxylic  acids. 
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ACTION  OF  AROMATIC  DIAZO  COMPOUNDS  ON  COMPOUNDS  OF  THE  TYPE  OF 
ALKYLACETOACETIC  ESTERS  AS  A  METHOD  OF  PREPARATION  OF  A  RYLHYDRAZONES 
OF  «-KETO  ACIDS.  a>AMINO  ACIDS  AND  NITROGEN-CONTAINING  HETEROCYCLIC 

COMPOUNDS 

XVI.  l-ARYL-PYIlIDAZONE-i3<ARbOX>LIC  ACIDS  AND  PRODUCTS  OF  THEIR  TRANSFORXiATIOF 
V.  V.  Feofilakiov  *rd  N.  K.  Semenov* 


Pyridazoiie  and  its  dettvatives  have  been  relatively  little  investigated.  Their  discovery  and  Initial  investigariciB 
wcie  associated  with  the  clarification  of  the  chemical  natiue  and  transformations  of  hydrazones  of  ketocatboxylic  acids 
and  pyrazolones.  Thus,  E.  Fl^het  discovered  the  ability  of  levulitiic  acid  phenylhydrazone  to  lose  water  with  forirarac* 
of  a  new  compound  (I)  which  he  called  the  anhydride  of  levulinic  acid  phenylhydrazone  [11 

A  little  later  [2,3]  a  number  ol  transformations  of  this  compound  was  studied. 

The  cliemical  nature  o{  this  anhydride  was  finally  established  by  investigations  [4,5] 
undertaken  in  conrectio.n  with  the  study  of  pyrazolones.  It  was  established  that  reaction  of 
esters  of  3  ketocatboxylic  ac  ids  with  hydrazine  a.td  'ts  derivatives  leads  to  pyrtzolooe  deriva¬ 
tives  .  in  the  CISC,  however,  of  yketo  acids  and  their  derivatives,  such  a  reaction  leads  to 
formaiion  of  six-membered  niL^ogen  heierocycles  in  tlie  shape  of  pyridazorie  derivatives  [4l 
Thus  for  .‘xample  rlie  p'odurt  of  condensation  of  hydrazine  hydrate  with  bcnzoylacetk.  esL:r 
is  pyrazolone  while  that  with  the  ester  of  5  benzoylproplonic  acid  is  pyridazorie. 

Condensation  of  other  y  ketocaTboxylic  acids  and  their  esters  [4]  gave  respectively 
carboxy-  and  carbethoxypy!idazo*-<  de'iv^iives  acd  p-oduersof  iheu  L’ansformation  anC  pyiidazone  itself. 

On  the  basis  of  a  sOjdy  of  the  beh<iV!0»  of  benzopy’idazones  on  alkylation  and  acetylation,  the  conclusion  was 
reached  [5,('.]  that  tautomensrn  between  the  f  0  and  NH  g'o>jps  existed  in  tlie  pyiidazones.  Unlike  pyrazolotves.  bow-**: 
p>-ridazon£s  do  not  enter  into  the  azo-<'*upltng  rcactior.. 

L".  general,  these  two  g’Oups  oi  rompourds  diffe’  ms'kedly  f;om  each  other  also  in  'espeetto  oinci  rhcrrL'ti 
properties.  Thus,  py.  tzolone  dt^ivtiives  h’t  snown  to  be  sr.<ble  to  acids.a^d  alkalies  but  detoinpose  wner.  Oistllicc! 
pyrldazone  detivarives.  In  conttast  a-e  modified  by  ttidsa'd  alkalies  A’>d  distil  without  decomposition 

When  1  ptiCf’ylpy  ulazone-3  xylic  itfd  w5$  s>.-bje(  ted  to  the  airt’on  of  an  akOholic  solution  of 
chloride,  it  did  not  give  the  expc.'tcd  este»  of  tbis^.io  sLC' e  tt^e  py’idvzore  ‘itp  was  niptured  and  ’■eclosure  to  »re 
pyr'ole  rtng  tcxik  plar  e  wiQi  fc'rr->t'0'  of  a  rdole  de'i^ative  ^  the  ethyl  esiet  of  2  i  arbethoxyindolyl  -S  acetic  aerd 

nj. 

Wolff  observed  "jptu-c  of  tlie  pyridazonc  -^Ifg  r'  ir  alkalne  meoium.  or.  subjecti’'g  3 -irethyipyroazor.u  -.e 
the  action  of  sodium  txrylue.  he  obtained  v^le  U  acid  [b>. 

Py'ldszoiies  dlffe*  f'orr  pynzol'iiessi  bcLt*g  ’f  Uti^eiy  C2.sii>  oxiiized  ,  a'vd  vdvjnt^ge  wis  take''  oi  Lr*’.s  n*r  r>- 
erty  in  tlie  synthesis  of  dfiv  stives  of  pl;e'‘yjpy’id«z3;.e  rxirnu-zne  [fjand  pytidazuie  flOl  / 

Ln  ’€(  ent  yea-s  no  sysieiratir  study  has  bee"  rr^rte  of  rht  p*’idazone$.  The  ltlerata*e  contains  only  'sc’it-z^n 
refc’crces  to  new  tep'eseniitrtes  of  this  class  wnii  h  we;t'  p'cpi’eu  mainly  for  the  pu'pos;  ol  ideniificauor!  of 
lives  of  y  kctoca’boxyllc  acids  [11,  12,  13]  or  of  subst’t,.’.*d  hsd’szines  [14  15] 

interest  in  py'idazO''e  derivatives  has  'ccertiy  i'cicised  sorrewr.it  due  to  ihei.  apoJkation  to  the  sy.".t'‘est$  c: 
sulfanilamide  derlsatives  of  py''idazo''e  and  pv'idazir-f  [15]  which  exhibit  i  high  b.it  te’io static  activity  ard  pos'^rii 
chemotherapeutic  inte-est  Thus,  for  example,  C-snlf  iriU  mido  2  rncihylpy’id-fzire.  prepared  from  3-rr'tthylpy’diz" '-t 
manifested  a  highei  .bactetiostatu:  activity  ihan  sulfathiazole  [16], 

Ln  our  opiiuon.  orie  of  the  causes  of  the  r^eglea  of  r.hc  st'.dv  of  these  interesting  pyridazone  derivaMves 's  the 
absence  of  a  simple  methexi  (or  their  p'eparaiion.  the  only  known  method  of  synthesis  staru  from  hydrizorves  dirtz 
coltly  accessible  keio  acids,  no  attempts  had  been  mide  to  'cplace  the  latte*  by  mo-e  ai  cessible  starting  mate’L-j's 
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Bearlj^  In  irlnd  the  jin.Uarity  Ip  the  methods  of  preparation  of  pyrazolones  and  pyridazcres  and  surtlng  from 
the  ability  (discovered  and  Lnvesagated  by  one  of  us)  of  acetosuccinic  ester  to  couple  with  aryldlazonlums  to  directly 
give  pyrazolone  derivatives  (1*?].  investigate  the  applicabUity  of  this  reaction  to  the  preparation  of 

pyridazone  derivatives:  for  this  p;rpo$e  a  ocetosuccinic  ester  was  replaced  by  a-acetoglutailc  ester. 

We  used  varlotiS  aryldlazonlums  in  the  azo-coupling  reaction.  However,  as  we  had  previously  observed 
pyildtzone  derivatives  are  not  directly  formed  in  the  process  of  azo'coujdlng,  and  the  coupling  products  are  azo 
esters  or  arylhydrazones  of  esters  of  a -ketogluuilc  acid.  saponlflcaUon  of  which  yields  the  conespondlng  arylhydia- 
zo.’^s  of  a  ietoglutailc  acid. 

Ar.  attempt  was  therefore  made  to  prepare  pyiidazones  fcom  the  separated  arylhydrazones.  On  iprestlgatirg 
the  ability  of  these  arylhydrazones  to  undergo  ring-closure  to  pyridazones,  it  was  established  that  even  when  subjected 
to  the  action  of  acids  (dilute  sulfuric,  hydrochloric,  acetic)  or  acetic  anhydride  or  when  heated,  they  showed  little 
tendency  to  be  tunsformed  into  pyridazone  derivatives. 

Th-is,  out  of  twelve  arylhydrazones  of  a-ketoglutaric  acrd  (181  only  two  (pbe»’yl-  and  m  tolylhydrazones) 
r  o.Id  be  cyclized  to  pyridazones  by  heating  with  dilute  acrds. 

The  ability  of  Ae  m  tolylhydrazone  to  transform  into  l"(m-lolyl)  pyridazone  d-carboxylic  acid  is  apparently 
due  to  the  CH,  group— with  a  weak  o.p-otienting  effect  -being  in  the  m-position  to  the  =N— NH—  group  and  not 
exerUng  any  appreciable  influence  on  the  latter,  in  consequence  of  which  the  latter  behaves  like  the  =N— NH—  group 
of  an  •.nsubstituted  phenylhydrazoire. 


It  should  be  noted  that  the  y  pbcnyl*  and  y-m -tolylhydrazones  of  S -pyruvyl-propionic  acid,  unlike  the  phenyl- 
and  m  tolylhyd'azones  of  a-ketogluurrc  acid,  do  not  undergo  cyrlization  to  pyridazones  in  spite  of  the  similarity  of 
thei:  structures  fi  is  possible  that  this  is  bound  up  with  participation  of  the  hydrogen  of  the  — NH-grt»up  in  the  forma¬ 
tion  of  a  hydrogen  bond  at  the  carbonyl  of  the  acetyl  group  which  hinders  its  participation  in  the  cleavage  of  water,  l.e. 
in  the  closa’-e  of  the  pyridazone  ring. 


A  study  of  two  of  the  pytidazone  derivatives  that  we  prepared  revealed  that  one  of  them  was  identical  with  the 
1  prer.yipyridazof,e-3<s:boxyllc  acid  previously  described  by  WisMcenus  [7],  We  could  nor  find  a  description  of  the 
second  de'ivarve  -  l-(n;toIy]) pyridazone -S-carboxylic  acid  — in  ii»e  iiierarure,  its  formation  may  be  rep'esented  by  the 
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1  Pt.e' yJpy*idazo''.e  3<arboxy!ic  acid  was 'educed  to  glutamic  acid  and  'ecorve'Ud  into  the  ongi  ;1  phc'yl 
tiyd'izone  of  a  t-ttogl  y.i'U  at  .d  Both  of  the  pyridazone  carboxylic  acids  were  fa' sforrrc'd  L'-to  the  c  or'cspondirg  ’n 
dole  derivatives. 
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EXPERIMENTAL 

1  Phe  -  ylpyidazo-e  3  carboxylic  Acid 


C.3C  g  a  <ciogi.-a-if  3c  id  pf,enylhvd:azO' e  (m.p  152-153*)  [18]  was  heated  on  a  g*nze  with  4C'  ml  3*^.  r.yd  o 
chloric  acid  ur'il  rompie'ely  dissolved  (10  15  minutes)  The  cooled  solution  deposited  lusuous  slignily  pint-  cys^^ls 
cf  1  pre-vlpv-.dtzone  3ca‘boxylic  acid  in  the  amoj-t  of  2.0  g  (91.^).  melting  at  1C9  170'.  After  'tc- ysLi lliz-uor 
f'om  wate-  (wit^  ^ddl•IO^  of  ca'bon)  the  colu’less.  lamellar  crystals  melted  at  172*. 


Found  N  12  70.  12  .C6  Cal-  ula»ed  N  12.84 

Litetatij-e  data  [7].  rr..p  172*. 


890 


fot  the  puipose  of  hydrolysis,  2.18  g  l''phenylpyiidAzone-3x&rboxylic  Acid  was  dissolved  in  40  ml  10^  NaOH 
And  boiled  on  a  gAuze  for  3'^  minutes.  The  cooled  solution  was  diluted  with  wAter  Aisd  cAtefiilly  Acidified  with  cone, 
hydrochloric  Acid.  The  preciplTAted  crystals,  consisting  of  the  origlnAl  phenyl hydiAzone  of  A-ketoglutAric  Acid,  tseighed 
2.32  g  (98.6  After  d-ylrg  and  melted  At  152  T53*  (from  alcohol);  the  composition  of  the  phenylhydrazone  was  con¬ 
firmed  by  a  mixed  melting  test  and  by  deiermlnation  of  the  equivalent.  Found  equiv.  119:  120.  Calculated 

equiv.  118. 

Reduction  of  2.18  g  l  -phenylpytldAzone-3-carboxyllc  acid  with  zinc  dust  and  acetic  acid  in  tise  conditions  des¬ 
cribed  in  the  pteccdlng  communication  [20]  gave  D. Lgluumic  acid:  0.33  g,  te.  22lk 

For  conversion  into  the  indole  derivative,  1 -phenylpyridazorie  -3-carboxyllc  acid  ard  5  times  the  amount  of  ab¬ 
solute  ethyl  alcohol  were  refluxed  in  a  flask  on  a  water  bath:  dry  hydrogen  chloride  was  led  In  through  die  condensei. 
Heating  was  accompanied  by  deposition  of  crysuls  of  ammonium  chloride  on  the  sides  of  the  flask  and  was  continued 
foi  30  minutes.  On  cooling,  the  liquid  was  poured  on  to  ice-water  mixture.  The  resultini  colorless  crystals  were  sepa¬ 
rated,  washed  with  water  and  dried.  After  recrystallization  from  aqueous  ethyl  alcoiiol,  tbc  ethyl  ester  of  2<arbethoxy- 
lndolyl-3  acetic  acid  melted  at  85  86“  in  agreement  with  the  literature  [7.  19]:  yield  quasnutive. 

A  mixed  sample  with  the  preparation  obtained  from  a-lcetogluuric  acid  phenylhydrazone  did  not  give  a 
depression. 

Found  N  4.91,  4.82.  CyHiTO^N.  Calculated  <>>'.  N5.09. 

1  ‘(m-TolyD-pyrida  zone -3- c  a  r  bo  x  y  1  Ic  Acid 

2.5  g  a*Ketoglur.aric  acid  m  tolylhyd'azone  (m.p.  149*)  was  digested  with  40  ml  5^  aqueous  sulfuric  acid 
until  dissolved  The  solution  was  fUte’cd  hot.  on  coolLng  with  ice,  colorless  crystals  (2.14  g  or  92  25»)  weie  deposited: 
m.p.  146-147*.  The  crystals  did  not  give  a  Bulow  reaction  and  had  excellent  solubility  in  ethyl  and  methyl  alcohols, 
ethyl  acetate,  ethet  and  hot  water.  After  two  recrysr.aIlizations  from  aqueous  ethyl  alcohol,  the  colcvless,  lustrous 
needles  of  l"(m-tolyl)  py’idazone  3<.arboxylic  acid  melted  at  152*. 

Found  lo:  M  12  08  12  24  equiv.  231.  229.  Ci*Hj,0,N,  Calculated  N  12.07:  equiv.  232. 

A  mixed  tes»  w'th  the  p-epa'atlon  fro.m  the  dieinyi  estei  of  c-carbethoxygluratic  acid  a-d  m-ioluldLne  [18]  did 
not  give  a  melting  pci^t  dep^’ession. 

4  -  Me  th  y  1  -2  -c  a  r  boxy  i^ndoly  1  -3 -acetic  Acid 

2.32  g  1  (m  tolyl)  pyridazotic  3 carboxylic  acid  (m.p.  152*)  and  10  ml  10^  alcoholic  solirtion  of  sulfuric  acid 
were  refluxed  on  a  wate’  bath.  Two  hours  after  the  comrnence.mfcnt  of  heating,  there  was  app.-ec table  separation  of 
am.T»onium  sulfate  crystals  heating  was  coniLn’.ed  fot  8  hours. 

The  reartior  irtxf  j'c  ~a  lig^'-t  b'own  liquid  —was  pou’Cd  into  water  whicti  comaircd  I'e,  tne  *cs«ltar.t  viscous 
oU  w?5  separated  from  the  alfoboVtc  i!q>.'td  by  det.^'tation  a"d  saponified  witu  10^  ••Ic o'-oii*  iqLreois  sol, iron  of 
NiaOH.  Acidification  of  ’l*e  5q,>eo  -s  solution  of  the  s^lt  caused  g'eylsh  c^ystals  of  ac.o  io  sepvate  i-  tne  amount  of 
1  97  g  (84  4*^)  T-iC  s;jb>t,-.ru:e  ’s  'e»dily  soluble  in  acetone  ethyl  *cetatc  ethe..  met*i>.  arkC  ethyl  ilconois  md  glacial 
acetic  acid  ve.'y  sparingly  soLble  in  benzene 

Afte’  ’^crystalliziticr-  Pom  aqueous  ethyl  akonol  wkn  sddiuon  of  ca»bon  4  methyl  2  <  ^’boxyl'-dolyl  3  acetic 
acid  formed  colorless  c'ystalr  whkci  mrltto  at  18C‘  with  decomposirior'. 

Found  ?5o;  N’5ti0  5  78  eq  tv  109,113  C aktUted 6  GO  eq.iv.  116  5. 

SJj  M  MA  R'^ 

1.  It  was  established  th-jt  *  ylhyd'azones  of  a  i>etr)gl'itaric  ic  id  and  a-ylnyc'azcnes  of  £  pyr, s  yip  opionic  acid 
do  not  spontartously  cytlize  to  the  py.adazone  rir.g. 

2.  Arylhydrazo^es  of  a  ».etoglutartc  ac  id  differ  in  respect  of  ease  of  c  yt  I'-zation  ir'o  py-tdvzo'C  de  iwatives  It 
was  only  possible  locyclize  the  phenyl  and  m-iolylnyd^azones. 

3.  y  A'ylhydr azotes  of  B  pyuvylpropionu  £iid  generally  do  ’ijr  <  yclize  p.-idazo-e  de  ivitlves  tnc 
conditions  investigated. 

4.  The  possibility  is  demonstrated  of  reduction  of  1  phenylpy'idazone-^J'C  arboxyii.*  ac  id  itto  D  I  gljMmk  acid 
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4.  ihe  possibility  is  demc-^iiated  of  reduction  of  l-phenylpyrld* ••2one-3-carboxylU:  acid  Into  D.L'gluUmlc  acid 
a'ad  of  ransformailon  L^io  the  original  «-ketogluurlc  acid  phenylhydrazone.  and  of  traiuformation  into  2-carbcxy- 
indolyl-^^etic  acid  In  (TJaotiutive  yield. 

5.  l-fm  TOlyl)“pyridazone  3<arboxylic  acid  was  also  transformed  into  4-niethyl*^'«arboxyindolyl-3-«ceilc  acid 
In  high  yield. 
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N-ARYL  AMIDES  OF  HYDROXY  CARBOXYLIC  ACIDS  AND  THEIR  TRANSFORMATION 

INTO  HETEROCYCLIC  COMPOUNDS 


XX.  REGULARITIES  OF  INTRAMOLECULAR  CYCLIZATION  IN  ARYL  AMIDES  OF  HYDROXY  CARBOXYLIC  ACIDS 

P.  A.  Pctyunin  *nd  V.  S.  Shkiyaev 

Many  investigations  have  been  devoted  to  the  p»blem  of  formation  of  cyclic  systems  feom  opetKhaln  com- 
pounds.  At  the  present  time  the  ideas  of  Mohi  [1]  and  Ruaicka  [2]  are  geneially  accepted.  These  authors  ccaslder 
that  ring  closure  is  determined  by  two  factors  acting  simultaneously:  the  straL'.  in  the  formed  ling  and  the  distance 
between  the  reacting  groups.  Isolation  of  the  molecule,  as  one  of  the  conditions  of  r.ycliaatloii,  may  be  achieved  by 
using  dilute  solutions  in  high  vacuum  [31  These  concepts,  howevei,  do  not  covet  all  the  diverse  causes  influencing 
the  process  of  ring  formation.  N.  A.  Domnin  [4]  points  out  that  with  a  minimum  of  str^  if  not  five,  members  In  the 
rung,  the  reluctance  to  cyclize  is  due  -or  tc  strain  but  to  other  factors  such  as  spatial  separation  of  the  end  reactive 
g'oaps.  There  are  ptobably  other  causes  (still  ankr>own).  Study  of  the  regularities  cf  formation  of  ring  systems  from 
ope:,  ftrg  compounds  have  been  made  for  the  most  part  with  carbon  rings. 

According  to  very  recent  experimenul  dau,  the  valence  angles  of  trivalen!  nitrogen  and  of  oxygen  in  organic 
compounds  O’-ly  differ  slightly  fnjm  the  angle?  of  a  regular  tetialiedron  [51  Consequently  the  process  of  ring  forma¬ 
tion  ought  to  be  studied  to  an  equal  extent  with  reference  to  heterocycles.  We  decided  to  study  die  regularities  of 
formation  of  ring  systems  daring  intramolecular  condensation  of  aryl  amides  of  hydroxy  carboxylic  acids.  In  previous 
investigations  It  had  been  esiabluhed  that  intramolecular  ring  closure  is  possible  in  aryl  amides  of  two  types  of  hydroxy- 
carboxylic  acids: 

Ar^HCO(CH,)„C(OH>AJt  (i)  and  Ar(CH,)j>KriCOC:(OK)A*,  (II), 

Compound  (I),  when  !>  =  0  o'  1,  fo»n»fr  oi  6  meirbered  rirgs.respsctively.  When  n  =  2,  the  hetero-rin^does  not  close 
and  sapon.ificaiicn  occurs  with  formation  of  an  aiomatic  amine  and  a  ■)  hydroxy  carboxylic  acid  [6],  Compounds  (II) 
are  more  useful  because  theu  stmctuie  imparts  exceptional  resistance  to  saponification  [6].  Successful  condensatlcru 
of  tHs  type  were  performed  with  n  =  0.  1  and  2  [7]. 

We  iet  Ourselves  the  objective  of  petformlr'g  the  reaction  for  n  -  3  and  of  forming  an  8-membeied  ring  The 
latter  was  synthesized  by  the  following  scheme. 


'fH,C  hvC  p'.’hCOCOvHC HCHtCM,* 


I  :  I  : 

I,  if  H,CM4ChVHCOCOOC,H»  .  ^  M,f  (OH)(C 

C  I  ^ 

(V)  j  h,sq,  (VII) 


HjCHfCHNHCOCONl^ 

CIS  (VI) 


C  CO 


CH'CH, 


CIS  CIS 


Heating  of  l-phe  iyl-3^mlncbutane  (HI)  with  ethyl  oxalate  gave  two  compounds:  the  ci-<l-nhcnyl-3-butyl- 

of  oxalic  acid  (IV)  and  the  ethyl  ester  of  1  phcnyl-3-butyloxamic  acid  (V)  (expt.  1).  The  latter  was  converted 
o  the  amrdc  (VI)  (expt 2).  Tie aiirent  of  (V)  with  phenyl  magnesium  bromide  gave  the  l-i)henyl-3-butylam«de  of 
befizili;  acid  (VII),  which  ander*#ent  intramolecular  condensation  to  the  lactam  of  2-<7*«mlnobutyl)-triphenylacstlc 
add  (Vni)  (expt.  4). 

To  clarify  the  problem  of  our  Investigation,  the  starting  substances  uken  were  c  ompounds  of  the  type  of 
A!Ch,,/’HCOC(OH)Arj,  where  r.  =  0,  1,  2  and  3.  Ar*  -  p-rif^,H4-and  pCHiOC^Ka-  A  new  series  of  com- 

po.,ic»  wiv  piepared  in  this  way  (expis.  5,  6,  7).  The  velocity  of  ring  closure  In  these  was  determined  by  the  pio- 
•  ed'.  e  described  in  detail  in  the  preceding  communlcailon. 

The  relauon  between  the  velocity  of  ring  closure  and  the  disunce  separating  the  reacting  groups  was  cUtllled 
With  ’eference  to  the  formation  of  5-,  6-,  7"  and  8-membered  rings.  The  data  obtained  are  set  forth  Ic  Table  1  (aryl 
amoes  nos  1,  2,  3  and  4).  The  reactivity  of  the  caibonyl  carbon  atom  in  these  aryl  amides  was  subsuntially  identical 
•L* .  It  is  governed  by  the  nature  of  the  radical  atuched  to  ihem.  These  compounds  have  the  same  basic  ity  (they  form 
h.ioth’-onric  salts  with  88 *511  H,SO^  and  ihcir  transformation  into  heterocyclic  compounds  requires  an  identical  amount 
o*  acid).  Conseqaentiy.  die  differences  in  the  speeds  of  ring  closx'e  may  be  explained  by  the  spatial  separation 

cf  the  end  reactive  groups. 

We  see  from  the  dau  that  with  increasing  distance  between  the  end  reactive  groups,  the  speed  of  ring  closure 
deersj^es  Li  ilie  Older.  5^C'>7>8,  i.e.  a  reciprocal  dependence  exuis  between  the  speed  of  closure  of  a  ring  and  its 
size  This  conclusion  is  fully  consistent  with  the  literature  data  for  polymeihylere  rings  [8]  and  cyclic  Imincs  [9].  Orr 
' oirpa  tr-g  these  dau.  however,  with  the  velocity  of  rung  closure  in  pcolylic  acid  anilide  (aryl  amide  No.  5).  we  see 
that  t.he  s'lted  relition  berween  size  cf  ring  and  ease  of  cycllzation  is  fa^  from  possessing  general  validity.  Thus,  the 
5  membe'r-d  heterocycle  in  aryl  amide  no.  5  closes  27  times  slower  than  the  6  tnembeied  ring  (aryl  amide  no  2),  20 
tunes  slower  than  the  7*membered  ring  (aryl  amide  no.  3).  and  5  umes  slower  than  the  8  membeied  ring  (aryi  amide 
no.  4). 

TABLE  1  The  high  velocity  of 


Formula 


|c.H,\;icOC.(OHXC,j-l5),  . 

!c..HjCH(CH.jSHCOC(OM)(CtH*), . 

r.-.Cri,Cli,MlCOC{OH)(C,H^),.  .  .  .  . 

C  .^5Ch,Ch,CH(CH0NHCOC(Orf)(CfHt), 
c.M.\Hroc(OHKr.H4CH,  p),  . 


jAmounr  of 
iH,SO^(ml) 


Velocity  cf  Size  of  ring 
closu.e  of 
ring  at  20* 


TABLE  1  The  high  velocity  of 

Velof  itv  of  Closure  of  5  6“  7-  and  8  Membered  Rings  in  Aryl  Amides  of  a-Hydroxy  form«tio  .  of  6  .  7  and 

.  ,  ,,  3  membeied  ting  systems 

carboxylic  Acids*  *  ' 

_  _ _ _ _ _ in  aryl  amides  of  benziiic 

P'cpl  Formula  |Arr*oun»  of  Velocity  cf  Size  of  ring  and  in  comparison  with 

I  iH|SO^(ml)  closu.e  of  tlic  5’ membered  ring  of 

_ j _ ring  at  20* _ p  tolylic  acid  anilide  can 

1  jc./H.K:.cOC.(OHXC,j-l4),  ........  .  .  .  I  40^  5  ^  explair^d  by 

2  lc..HjCH(CH.jSHCOC(OM)(CtFL), .  5  328  6  the  spatial  sepa'ation  of 

3  C.-.Cri,Cli,MiCOC(OH)(C,H^),.  .....  5  240  7  H’Oups  as  »he  sole 

4  C  .^5Ch,Ch,CH(CH0NHCOC(Orf)(CjHt),  .  .  5  60  8  fac  tO' mfluen- ing  the 

5  jC.,i.\HrOC(OHxr.H4CH,  px  .  16  12  5  fo'manon  of  ru  g  systems 

'  I  which  are  Lee  O 

tfie  orhie;  tut'-d,  lhl»  *00 
maly  can  be  readily  ex 

pl,iirecl  b\  t'-e  differing  re«cuvittcr  of  the  end  groups  A'  we  know,  the  reactivity  of  the  ca-boryi  carbm  is  reduced  tr* 
t^^  anilide  o'  p  tolylic  acid,  in  comparison  with  tlic  aryl  amides  of  bf  rzilic  arid  under  the  mfluente  of  the  elect'on 
do'  3t:-v’  :rcn  >l  groups  Consequently,  the  speed  of  nnj,  closure  is  c onsiderably  reduced  flO]  This  signifies  that.  «pa'T 
f  orr  the  durercc  between  the  reacting  groups,  the  re^cttviry  of  the  groups  themselves  Is  a  fac»o-  ir  the  «o  m.tion  of 
cyclic  svs’frr's 

>  twiuof  v-e  lirerature  data,  we  may  inftt  tnat  tf,e  reactivity  of  the  end  groups  mi,  oofo.rolv  I'fi.e’  e 
The  l  ive  o*  V.^matron  of  c  yclic  systems  Ruczii-a  [11]  observes  fo' example,  that  maximum  yields  of  - ycli:  le-o  ccs 
from  s-'t,  d:  *  boxyl:  aitdscar  be  attained  by  uir-g ’honum  silts  but  not  calcium  saps  Arco  di’-g  Zicgif  [12] 

Exnt  •m-e'^  ts  were  pc  roro-ed  wim  0,015  mol.  solutions  of  aryl  amides  in  1  liter  glacial  arctu  ac 'd.  1  ml  rf  th’s  soi_ 
tio’t  w,s  used  a-  exf.  urent  riic  speed  of  iir.gclosue  is  expressed  in  lelaiive  Aumbe-s  T^e  .r:,t  tat-e-  ,s  Uf 
velocity  of  cIos.re  of  it.c  5  membeied  iing  of  the  o  anistdtde  of  4,4‘-dimethoxybenzUic  acid  which  w.s  300  n-lr„rei 


replacement  of  lahlum  by  pouislum  improves  the  reaction  results  «ti  the  cyclliatlon  of  dicarboxylic  acid  nitrilei^ 
Freundllch  and  SaloriTon  [9]  cstablislied  that  the  Introduction  of  a  phenyl  group  in  the  c~fsosltion  of  a  oHialoalkyl* 
amine  lncrea*t  the  reactfbn  velocity  roo’e  ihxn  1000  times.  There  arc,  however,  no  studies  in  the  literature  of  a 
comprehensive  chatac  tet  on  the  relation  between  reactivity  of  end  groups  and  formation  of  cyclic  systems.  This 
fact  becomes  understandable  when  we  bear  in  mind  that  in  the  compounds  used  by  the  cited  authors  for  formation 
of  rings,  the  reactivity  of  the  groups  varied  within  narrow  limits. 

TTie  distance  factor  has  the  greatest  Influence  on  cyclizatlor  when  the  reactivity  of  the  end  groups  is  reduced. 
Thus,  for  example,  in  aryl  amides  of  p  tolylic  acid  (Table  2)  the  5-membcred  tmg  closes  3.1  tiroes  as  fast  as  the 
S-membered  ring  while  In  aryl  amides  of  bcr^ilic  acid  (aryl  amides  1  and  2,  Table  1).  whose  end  poups  are  more 
reactive,  the  5  membered  is  formed  1.2  times  as  fast  as  the  6-membered  ring. 


TABLE  2 

Velocity  of  Closure  of  5-  and  C-Membered  Rings  in  Aryl  Amides  of  p-Tolyiic  Acid 


Prep. 

No. 

Formula 

Amount  of 
HfS04(rol) 

Velocity  of 
closure  of 
ring  at  30* 

Size  of  rLtg 

1 

C^.MHCOC(OHXC,H4ChVP),  . 

1.5 

43 

5 

2 

C^H^H(CHjN'HCOC^OH)(CtH/:h,  Pi,. 

1.5 

13.6 

6 

5  membered  he»e;orycle  (aryl  amide  no.  1)  while  aryl  amides  2  and  3  are  generally  r»ot 
pounds  (expt.  8). 


In  the  course  of 
this  research  it  was  a 
matter  of  Interest  to  study 
ring  closure  ic  the  cora- 
pouruis  Ar(CHOjiNHCOC(OH)- 
-(CeH/XTHy  P),r  where 
n  =  0,  1,  2,  because  they 
conuin  less  reactive  groups 
than  aryl  amides  of  p-tolylic 
acid.  Rom  the  data  of 
Table  3  we  see  that  ring 
closure  u  very  slow  in  the 
transformed  into  cyclic  com- 


Ln  connection  with  the  effect  of  tne  terminal  reactive  groups  on  ring  closure,  we  must  revise  oui  ideas  about 
the  iimiis  of  cor-de-^itior.  i~.  the  sense  of  the  magnitude  of  the  formed  ting.  Experinnenu  have  shown  that  in  compounds 
AriCH,;qNHCOC^OH';(C,H«j|  co'  deriition  Is  nossible  when  n  -  3  with  formation  of  an  S-membered  ring,  whereas  In  the 
comoouf-ds  P)f  condensation  CKily  proceeds  when  n  =  0  with  formation  of  a  b-membcied 

ring.  Conjeqof-T. tly  the  limits  of yc  lizarion  of  aryl  amides  of  a-hydroxy  carboxylic  ac  ids  .may  be  b-’oadened  by  intro^ 
docing  elecirot-acf  eptir  g  g'oups  j.'io  the  phenyl  radicals  at  the  carbonyl  carbon  atom,  and  the  liroiis  may  be  nanowed 
by  loucXiUcinB  electror-donaurg  SL.b.ctituents. 


Rxrfi  closure  is  of  t'-eo'eticil  inrerest  in  the  case  of  aryl  amiides  in  which  a  strain  factor  is  involved  apart  from 
the  disJ-^-'ce  facto-  From  this  sti-<dpcim  we  synthesized  the  anilide  of  p-iriphcnylcarbmol  carboxylic  acid  (IX)  accord- 
irq  to  ire  scheme  below  (expts  9  ^r.d  10) 


N _ / 


COOC  H, 


/■ 


• (r.K>,C(0.4)<^  ^CO-VHx 


(IX) 

We  „ -sjccessf  .lly  attempted  to  italize  the  irt'amolecolai  tlosu’C  oi  the  ^lete''0^.ycle  n  (IX)  (Cxot.  11^.  1'- 
spec  lion  of  The  form'.U  of  molecule  (IX)  ir  du-ted  that  an  exceptionally  large  deforir^hon  of  the  v^lert  c  ao^es  of 
the  ca'bo-  atoms  woiid  he  'equLted  fo'  app'Oich  of  tie  ca'bonyl  carbor  to  the  o  or  pposi'io*-  of  the  *•>:  ..mtde  -esi- 
due  rj3  a  distarae  equsl  to  r tie  length  of  the  covalent  bond 

A  froblem  that  revit,biy  anses  in  the  study  of  cyclu  systems  le’ates  to  tt-,e  'eKtions  competrg  wlin  ring 
found tior.  Reactions  ol  formstior  of  mcr.omerit,  ring  systems  are  known  to  be  accompaned  by  tije  fo  iratio-'  of  poly¬ 
meric  co.m pounds  [131 

Repeated  experiments  on  conde’-vatior!  of  aryl  amides  of  hyd'Oxy  c«rboxvl;c  acics  ejablistjed  tnsi  the  'eactlons 
give  high  yields  of  only  moriOire'ic  cyclic  systems.  The  absence  of  products  Ci  io.te'rr'Olecula!  ;eac  tor’  is  d^e  to  rp® 
i';r jirnolec u lar  ting  clos-'C  i.r  aryj  amides  of  hyd’oxy  catboxylic  acids  proceeding  i.n  a  cationof  a  ha  oc.iOinic  sajt. 
in  this  conneclior.  rot  only  aie  inteimoleculat  reaction  betweer  ions  of  identical  cha'ge  hi.'deted  bu  »lso  tr.eLr  close 
approach. 
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Hcxe  fo:  org^ac  compounds  capable  of  ling  cloaue  by  an  Ionic  roechanlsin.  neither  dilution  nor  a  vacuum 
is  necescry  fc'  icUtio:;  of  the  molecule,  since  the  piescnce  of  a  charge  dcfinliely  ensures  ImUtioiL 

We  unsuccessfully 


TABLE  3 


attempted  to  realize  the 
intermolecular  reaction 
of  aryl  amides  with  phenols 
according  to  the  following 
scheme: 

AiKHCOC  (OH)Art  ♦ 

C^OH  4 

+  A:NHCOC^C«H^OH)A.y 

The  Idea  behind  these 
expe^urenta  was  tl^t  the 

be"zcne  nucleus  in  phenols  is  more  nucleophilic  than  in  acylated  aromatic  amines.  The  expetlmepts  were  perfo'^med 
u.  presence  of  anhydrous  tin  chloride  between  the  amlide  or  o-na phthallde  of  benzilic  acid  ard  the  p^-phere’^idide  of 
4.4’-0irpeihoxybenzilic  acid  on  the  one  hand  with  phenol  and  resorcinol  on  the  othei  hand  (expts,  12,  13  and  14).  In 
tnis  case  also,  cor.der.s*iiori  proceeds  with  formation  of  monomeric  cyclic  systems.  The  data  th*t  we  obtair>ed  indi-' 
t  ate  tha*  inteimolecirlar  teaction  will  be  mote  probable  with  those  aryl  amides  whose  inrramoleculat  ring  closure  Is 
hiroe-ea  by  the  gteat  distance  between  their  cr*d  groups. 


Prop. 

No. 

Formula 

Amount  of 
H,S04  (ml) 

Velocity  of 
ring  closure 
at  20* 

Size  of 
ring 

1 

o<:H,OC4H4NHCOC(OH)(C<H40CH,-p)t  . 

0.1 

1 

5 

2 

C,H,CliNHCOC<OH)(C<H4pCH,-p), - 

CH, 

0.1 

Does  not 
cyclize 

6 

3 

CeHjCl^C  l^NHCOr(OH)(CsH.jOCHj-p), . 

0.1 

Does  not 
cyclize 

7 

EXPERI.MENTAL 


Pi  (l-ptienyl-3-b.tylamidej  of  oxalic  acid  and  the  ethyl  ester  of  l-phcnyl-S-butyloxamlc  acid  (expt.  1).  To 
a  solution  of  16  g  1  phepyl-3-amir.obuune  *  in  20  ml  alcohol  was  added  20  g  ethyl  oxalate.  At  the  close  of  the  re¬ 
action  the  mass  was  h'*f’ed  on  tie  water  bath  ’utiil  it  gave  a  neutral  reaction  to  litntus.  Di-(l-phenyl“3-butylamide) 
of  ovalic  acid  rame  down  o  cooling.  It  was  filtered  off  and  lecrysiallized  from  alcohol  Colorless  needles,  m.p. 
no  172*.  insoluble  in  water,  soluble  on  healing  in  aUohoi,  benzene  and  toluene.  Yield  O.o  g  or  2.6  ^  of  the  iheo* 
»e:ual  c^Uula’co  on  n,e  1  phenyl  3  dmi.nobuune  taken. 

0.0358  g  subsia'ice:  19.7  ml  0.01  N  li|S04.  0  0390  g  subsunce;  21.1  ml  0.01  N  HJSO4.  Found  *?»:  N  7.72, 

7.61.  Calculated  *50:  N  7,96. 

The  main  product  of  tlie  rearticn  was  separated  from  the  alcoholic  filtrate,  .^fter  removal  of  the  solvent, 

Tlte  iPsidie  was  distilled  in  vac uu.t  to  give  a  colorless,  oily  liquid  with  b  p.  183.5-185*  (4  mm).  Yield  13.5  g  or 
51‘?[.of  r.hc  r'rico’et.ral. 

d”  1.0821.  r.JJ  1.5135.  MRq  69.21.  calculated  68.52. 

0  0228  p  s*  bsti-fc.  £  9  ml  0  01  H,S04  0.0208  g  substance:  8.1  ml  0  01  ^  HjSO^.  found  %: 

^  5  47  5  45  Olculated  N  5.62. 

Amide  of  '  r^henvi-5-buTyloxamic  acid  (expt  2)  Gaseous  ammonia  was  jsassed  in*o  a  cooled  .^icoholu  solu- 
*iO">  of  1  petliy)  eite*  of  1  prre^^yl-S  butyloxamic  acid  TT.e  ptec  ipitatc  was  filtered  and  ctys^allized  bom  alcohol 
Slcncet  colo'less  needles  with  .T.p.  I80'.  yield  0.8  g  or  91*5)  of  the  theoretical. 

The  amide  :s  irtsoluble  m  wate!,  readily  soluble  !'•  r><jt  alcohol,  berizene  and  toluene. 

0.01  66  g  substave.  11  4  xni  0  01  N  HjSO^  0  0146  g  substance.  14  ml  0  01  N  ri^SO^  60  irfl’  ojo 

^  13  32  13  41  Calculated  *5).  N  1^.72. 

1  P*"e«'yl  ■3butylamide  of  ben^iiif  acid  (expn.  3).  To  the  phenyl  magresium  bromide  prejvtied  f  om  15.7  g 
(0  1  rrclc;  btomobe'(zer.e  i-a  2.3  g  (0  1  mole)  .magnesium  m  60  ml  ether  was  added  a  sohitinn  of  5  g  (0.02  mole; 
emvl  rser  of  ]  phe-.yj  5  bu’sloxa.T'tc  acid.  The  icimc  ri  product  was  lec’y stallized  horn  100  ml  7Cf5)  i.cohol. 

Co>o  less  rardles  witr»  r  p  tt3  Tfte  compound  is  spa'U'gly  so’uble  in  gasoline  easily  $01.  ble  i’  ottie:  n:g-»ric 
sclvems  W'lh  c O'l.'er r*Ted  sulfuric  acid  it  gives  a  b.'Cwn  coloration  which  changes  to  green  jrsd  tner.  to  we*i« 
yellow  yi^  d  4  g  or  55  5'5:of  ttip  theoretical. 


1-Ptier'yl  3  •muiobutane  was  prepa*ed  by  the  Le  ic  khardr  rr..ctio"  from  benzyiacetone  *rsd  »mmo'’lurr>  fo  mart  1” 
56*5)  yield,  hp  100'- (12  mrr)  LiTe*ature:  101  102*  (14  mm)  [141, 
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0.1066  g  ttibiUncc: .  4..')  irl  0.01  N  USQ^.  0.0304  g  substance:  7.6  ml  0.01  N  IVSOU.  R)uiid 
N  3.8,  3.6.  Calc  jla*edV  N'.9. 

Lactam  of  2  <y  amlyob<jry1^  r^lghe^lgretic  acid  (expt.  41.  Surting  subsunces:  a  solution  of  1  g  1-phenyl- 
3^utylamlde  of  berzUic  ac  id  Ir  6.5  ml  glacial  acetic  acid  and  17  ml  cone,  sulfuiic  acid.  A  brown  color  was  first 
developed  and  changed  gradually  to  green.  Towa-d  the  end  of  the  reaction  the  solution  acquires  a  yellow<^tangie 
color.  The  reaction  mass  was  pouted  Into  50  ml  water  and  the  resultant  precipitate  was  worked  up  in  the  usual  tnannet. 
Crystallization  from  glacial  acetic  acid  ^ve  a  fine  crystalline  powder  with  m.p.  153*.  Readily  soluble  in  alcohol  and 
acetic  acid,  more  difficultly  soluble  berizei^e  and  toluene.  Yield  0.5  g  or  52«5t  of  the  theoreticaL 

0.0366  g  subsUTxe:  10  ml  0  01  N  H^SO^.  0.0177  g  srbstary  e:  5.2  ml  0.01  N  0.0094  g  substance: 

0.1028  gcamphot:  At  11.2*.  0.0120  g  subsuvei  0  1240  gcampbo::  At  11.5*.  Foand  N  3.82,  4.11; 

M  326.6,  336.6.  Cj^H^gON.  Calc  ulated  %  N  4.11;  M  341. 

g"Pher.ylethylamide  of  ptolylir,  acid  (expt.  5V  Kiaterials:  6.6  g  (0.03  mole)  ethyl  ester  of  a  phenylethyl” 
oxamic  acid,  26.16  g  (0.12  mole)  p  lodotol.ene  and  2.76  g  (0.12  mole)  magresium.  The  reaction  product  slowly 
crystallizes  tom  benzene  in  the  fo*m  of  colorless  plates  with  m  p.  112*.  Readily  soluble  in  the  common  organic  sol¬ 
vents.  With  cone,  sulfuric  acid  it  forms  a  transient  red  color.  Yield  1.5  g  or  13.7‘?»of  the  theoreticaL 

0.0356  g  subsunce:  10.7  ml  0.01  M  H-SO^  0.0348  g  subsunce:  9.7  ml  0.01  N  HjSQ*.  Found  flk: 

N  4.21,  3.9.  C<,H,^CI^  N.  Calc  Jated  'Jb:  N3.9. 

a  Bienyletrylsmide  of  4  4' ■dimerhoxybe".zilic  acid  (expt.  6).  The  reaction  was  performed  between  6.63  g 
(0.03  nrole)  ethyl  este’  of  a  oherylcbyloxamif.  ac  Jd  and  p-anisyl  magnesium  iodide  prepared  from  28  g  (0.12  mole) 
piodoa-isole  and  2.91  g  (0  12  mole)  m-»gr>esium  in  120  ml  ether.  After  decomposition  of  the  'eaction  mass  and 
dlstillarion  of  the  vol^rJe  p*o<jucts  wib  stream,  there  remimed  a  brown  subsunce  with  an  oily  consistency.  This 
was  dissolved  in  alcoboL  After  sundlng  lor  24  hours,  the  solution  deposited  colorless  long  needles  with  m.p.  96*. 

Yield  2.6  g  or  22^  of  the  dieo*etical.  Insoluble  in  water  and  readily  soluble  in  common  organic  solvents.  With 
coT'c.  sulfu'k  icrd  it  fo  its  ;  stable  c.rim3or.  coloration. 

0,0230  g  Swbsuve.  5.8  ml  0.01  N  .n  SO^  0  0250  g  substa.nce.  6.7  mi  0.01  N  ri^SQ^  Found 

-N  3  63.  3.74.  C  ralcvl-ited  N  3.58. 

6-^>eny,ethyl-?ir*de  of  4  4'_^merjng^be^ziltc  ac  id  (expt  7)  Surti.ng  maro’ials:  5  g  (0.023  mole)  ethyl 
ester  of  B  phenyletbyloxsmrx  a'  ld  26  6  g  (0  113  mole)  p-*odoanisoJe  and  2.7  g  (0.113  mole)  magnesium.  Crystal- 
lues  slowly  from  alco>>ol  In  lo“g  'eedles  m.p.  107-108*.  Yield  3.8  g  or  43^  of  the  theoretical.  Insoluble  in  water 
androadiiy  soluble  ua  0'g*''i:  soivenu,  with  fu"c.  s/lfuric  ac.id  it  forms  a  stable  crimson  coloration. 

0.0272  g  s.bstave  7  3  ml  0.01  K.SO,.  C  0494  g  substance:  12.4  ml  0  01  Y  H^SO^  Found  N  3.75, 

3  52  C  „.H.vO.N.  Cal  ^jjtea  3.58 

Attempt  to  fo  rn  a  hete'orv  ^e  f'oiT'  B  phe  y^etl^Iatridesof  4  4' dirreibo«ybe-uilrf  acid  (expt.  8). 

Experiments  wee  pe  fo'tred  in  idc’ic.*!  co'ditio's  We  desc’be  an  cxpe’iment  with  a  pbc nylethylamide  of  4.4* 
dimethcxybenzillc  T?  a  sclt'io"  of  0  5  g  fl  vlethylarride  of  4,4' <liioet.r>oxybe'’zilic  acid  k  5  ml  glacial 

acetir  a.' to  was  .adoed  0.1  tpI  0''t  sJfutic  and.  The  'esuiia’^t  nimson  coloration  did  not  disappea'  auer  standing 
fo'  120  bou’s  After  this  tne  ea*  non  m’xt  .i'e  •-•s  heated  io’  3  hou'S  on  the  water  bath.  The  solution,  which  did  not 
lose  its  c o'o'  even  a^te'  hea'i’  g  wss  oou  e.d  inro  20  ml  water,  tield  0.4  g  air  dry  substa^'c e,  equivalent  to  80*5)  of 
the  amount  of  a  pher,vlr'>vl->rpide  of  4  4'  cjrre^hoxvbe'zilic  arid  tal-er  fo'  the  “tacnor'  '-eedles  (from  alcohol), 
m  p.  (*4  96*.  A  mixed  s^mole  with  *.n  iu’heritic  stveunen  of  a  pherylethylairide  of  4  4' dimethocybcriziUc  acid 
did  not  give  a  dep  ession  of  melti  g  poivt. 

In  an  eipcime-T.!  with  'be  B  P'>eny)ethvLim'de  of  4  4'  dimctiioxybe'uiJj',  acid  'he  same  .es..lts  wCfe  obtained: 
about  8(/v<)  was  lecovt'ed  ..nc hanged  A*te’  "ec rystaJUation  Pom  alnoliol  the  Su’os'J.xe  h.»d  'te  rnelti.-  g  pent  of  tfie 
o’iginal  product  (107-108  )  a  mixed  nicla-g  test  with  tl^e  o'lgmai  .s.bsta -t e  did  .not  gi'-e  a  dep-esslon.. 

A'’Uide  of  p  benzoy Ibe'zoic  id  ^e»D'  9)  This  was  pmpa'ed  by  '-be  rrodo.x  ea*  non  [151  To  ti'e  phenyl 
magnesium  b’.orride  p  ep.(i’ed  f  om  5  5  g  (0  05  mole;  citiyl  bromide  1.5  g  magrosi’jm  -'>d  5  i  g  (0  05  mo'e;  .anli  e 
In  30  ml  ether  was  added  a  soiotror.  of  6  5  g  (0  02  nro'e^  methyl  esrc'  of  p  be  zoylbe.^zoic  ac'd  i"*  lo  ml  ethe* 

After  heating  fo..  a  short  pe’iod,  tiie  .•eactlo'  mass  was  decourposeJ  with  hvd.'ocfJo.ic  ac  id  r.ieedles 
(trom  toluene)  wltn  m.p  163  164'.  Tne  liie*ature  [16]  gives  171*. 
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AnUlde  of  iMTipliepylcatbLol  carboxylic  »cid  (expt.  10).  Surting  maieruU:  1.7  g  (0.0056  mole)  jhberaoyl- 
benzoic  icid  aniiide.  5  1  g  (0  025  mole)  icdobenzene  and  o.fi  g  magnesium.  Decomposition  of  the  reaction  mas 
with  u»u*ated  ammo'iim  chloiide  solution  a.nd  removal  of  »be  ether  left  a  solid  mass  which  crysullized  from  alcobsd. 
M  p  182*.  Yield  1.7  g  or  805>  of  the  theoretical.  The  literature  [17]  reports  a  m.p.  of  182*  for  the  anilide  of  p-irt- 
pher.ylca»binol  carboxylic  acid.  With  70^  sulfuric  acid  the  anilide  forms  a  yellow  coloration;  with  cone,  hydrochloric 
acid  it  does  not  give  a  coloration. 

Found  V  N  3.66.  3.52.  C*,H„0^N.  Calculated  V  N  3.69. 

Attempt  to  rvclize  the  anilide  of  p i«^lphenylcarblnol  carboxylic  acid  (expt.  11).  To  an  acetic  acid  soletioa 
of  0.2  g  anilide  of  pcipbenylcarblnol  carboxylic  ar  id  was  added  2  ml  cone,  sulfuric  acid.  A  daik-fcd  color  appea*ed 
and  did  not  disappear  or.  heating  the  reaction  mass  on  a  water  bath  for  30  minutes.  The  product  was  isolated  by  the 
usual  {vocedure.  Colorless  crystals  (fiom  alcohol),  m.p.  182*.  A  mixed  sample  with  the  original  substance  melted 
without  depression. 

3.3  IHs^4  metho«yphenyI)  5-ethoxyoxindole  (expt.  12),  To  a  soluUon  of  2  g  (0.006  mole)  p-phenendide  of 
4  4‘ dimerhoxybenzUic  acid  and  0.8  g  (0.009  mole)  phenol  in  20  ml  benzene  was  added  2  g  (0.008  nrole)  anhydrous 
tin  chloride.  TIjo  reaction  mass  was  heated  for  a  brief  period  on  a  water  bath  until  the  red-violet  color  hao  disap¬ 
peared  After  cooling,  the  contents  of  the  flask  were  poured  Into  60  ml  water.  The  benzene  Layer  %cas  separated 
and  evjpo'ated  to  a  small  volume  on  a  water  bath.  A  crystalline  mass  separated  on  siarding  Needles  (from  alcohol) 
with  m.p.  179-180*.  it.  igrtement  with  the  data  for  the  previously  described  3,3-bis  (4-methoxyphe*»yl)-5-«tboxyox- 
Indolc  [18]  A  mixed  sample  gave  no  depession.  Yield  1.5  g  or  '’8^ 

3  3  Diphewyl-6  7  faenzooyyindolefexpt.  13).  Reagents:  1.5  g  (0.004  mole)  a  -naphthalide  of  benzilic  acid,  C  5  g 
(0.004  mcle)  reso'cl’^ol  n  20  ml  oer^ze’^e  a'd  2  g  (0.008  mole)  anhydrous  tin  chloride.  Yield  1.4  g  O’  98^.  Needles, 
(from  alcohol)  with  m.p  254*.  in  agreement  with  the  literature  data  for  3.3-dlphenyl-6,7  enzooxyindole  [19]  A 
mixed  raeltiTig  pomr  test  did  not  give  depession. 

3  3  Dlp.henyioxy.-dole  (expt  141.  Reagents.  3  g  (0.011  mole)  tenzUic  acid  anilide,  I  1  g  (0  011  moi“)  pnenol 
and  3  0  g  (0  012  mole;  ti.'’  chloride  Crystallization  from  benzerve  gave  small  reds  with  m.p.  225*.  These  data  agree 
with  tho.re  for  3  Sdipne.f’yloxyinJofe  [20).  A  mixed  sample  with  an  authentic  specimen  melted  without  depession. 

>ie]d  2  g  O!  75  .5*5b 


S1.1MMA  RY 

1  Ini’amolecula-  condensation  was  effected  of  ilie  1-pitenyl-G-butylamide  of  berzoic  acid  aryl  the  possibiliry 
wis  thereby  deinomrired  of  obtainuig  8-membered  ring  systems  by  LntramolecuLar  condensation  of  aryl  amides  of 
hydioxyca*boxylic  acids 

2  The  velociry  of  clos^’e  of  the  heterocycle  in  (»ryl  amides  of  hydroxy  c  arboxylic  a<  ?ds  f-Us  ^iie  O’de- 
C  >7^-8  which  is  co'''s:aent  with  data  for  carbon  ''ings 

3.  !'■  the  forma’to'  of  5-.  6*.  7- and  8  mem  be  red  fteiercK  ycles  in  aryl  amides  of  hylrexy  cz'boxvlic  acids 
apa’t  from  the  du’a.'te  f»cu)?  the  reactivity  of  the  same  end  groups  enters  mto  play  as  a  factor  L'  ^he  toTra»ion 
cyclic  systems 

The  size  limitation  on  intramolecular  condensation  of  aryl  amides  of  hydrexy  c  arboxylic  *t  ids  deper-o*  oc 
the  re«i.ciivity  of  the  end  groups  Ini’oductton  of  electron  accepting  SijbstiTuerts  m  the  pfie«yl  :-*du  als  at  rbe  c*  bopyi 
Ci'bon  m^kss  possible  the  rc-mation  of  a  larger  ring  than  when  electron  donating  substitucMs  are  tnt’cxljced 

*1.  The  unsuccess*  J  attempt  to  close  the  ring  in  the  anilide  of  p  tripbenylc  arbinol  ci'boxylir  arid  is  e<p*ai"-cc 
by  tlie  geat  sPain  In  fo  matin.i  of  the  ring. 

5  O’  tiic  basis  of  data  for  closure  of  heterocycles  in  aryl  amides  of  hydroxy  carboxylic  at  ids  t»  is  srown  thjr 
for  o’ganic  compounds  c  tpable  of  r'ng  closure  by  an  ionic  mechanism,  neither  dilution  no'  vacuum  is  '■•ecesst’y  fo: 
isolatiOr  of  the  molecules  since  the  presence  of  a  cl»argc  s'.'pj»iesses  the  icaction  of  inter  molecular  inte’'aciion 

6.  Inte.  molec  uia*  reaction  does  riot  take  place  when  arylatn'des  of  c-bydroxy  carboxylic  acids  are  texted 
w.ih  phenols  ii:  presence  o.  anhydrous  tin  chloride,  only  products  of  intramolecular  reaction  are  formed. 

7.  Anhydrous  tin  c  ruo’ide  can  be  successfully  utilized  for  the  Lr.tra molecular  closure  of  beteroc  ycles  in  a’^yl 
amides  of  a  hydroxy  carboxylic  acids. 
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8.  A  If  let  of  p.eviOjisly  tvTd^-sc'lbed  *:ryl  4ir:des  ot  ^-^yilTOxy  carboxylic  acids  aiui  heterocyclic  and  other 
corrpodndt  ^ic'e  popaed  a?d  their  p  operties  studied. 

% 
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REACTION  OF  ORGA  NOMAGNESIUM  COMPOUNDS  WITH  DERIVATIVES  OF 
3. 4-DIH\DRO-3-ALKYL-l  .3-2-BENZOXAZINES 


K.  G.  Mizuch 


The  tcActlvliy  of  compounds  conuirflT.g  a  methylene  gmup  linked  to  vzrious  atoms  other  than  ca.rbon  la 
Known  to  be  Increased  In  comparison  with  similarly  struruued  compounds  whose  methylene  group  is  linked  to  identi¬ 
cal  atoms.  A«  an  example  we  may  cite  the  greater  ease  of  reaction  of  dialkylamlnomethylalkyl  ethers  (I)  with  orga- 
nomagnesium  compounds  by  compirison  with  compounds  of  the  type  of  acetals  (II)  [IJ.  Examples  of  compounds 
whose  increased  reactivity  is  caused  by  the  presence  of  another  atomic  grouping  ate  a~haiomethyl  ethers  (IIQ  and 
chloromcthylenedlalKylaminet  (IV)  ]!21 


^NCH^R 

RDCH«OR 

ClCH,OR 

^NGHja 

k 

(I) 

(U) 

(III) 

R'^ 

(IV) 

As  was  shown  by  the  author  and  Ts  M  Gelfer  (3],  the  effect  of  non  carbon  atoms  “intensified  in  some  cases 
by  the  action,  of  the  eleci-ophilic  phe»<>I  g-oup  —on  the  methylene  group  of  certain  carbonium  ethers  nray  be  so  great 
as  to  p-'ovokc  a  more  or  coirp'ete  shifang  of  the  c«''ier  of  electrophilic  activity  In  the  ether  molecule  horn  the 
carbonyl  carbon  to  the  caibon  of  the  methylene  group. 


In  all  the  specified  types  of  compounds  the  atorr'ic  groupings  [  >NCHjO“  >  NCH(C1,  ClCHyO— 
giving  rise  to  an  especisllv  easy  or  u-*cn»ract£risUc  (fa*  these  coirpouT;ds)  course  of  reaction, are  partly  open  chaliu.  It 
was  a  matter  of  interest  to  mvesug*:e  the  behavior  of  compounds  whose  >NCKiO—  grouping  was  part  of  a  ting. 

It  seemed  to  us  that  this  p'ots'em  rr.lgnt  be  solved  by  studying  the  behavior  of  organoniagnesium  compounds 
toward  the  retemlv  synthesized  den^*’ives  of  3  4dihyd’0  3*alkyl  1,3,2 -benzoxazine  (V)  [4]  which  may  be  regarded 

as  internal  dialkylaminomethylphenvl  ethe's 
O 

Due  to  tl-e  presence  of  the  '>NC.^^O— grouping  In  the  ring,  compounds  (V)  differ 
from  Ji-aikyUrpi'^on'Cthyl alkyl  ethers  in  being  more  stable  Whereas  dulkylaminome  th- 
ylal.-%l  eiiicrs  a'e  cleaved  even  in  the  cold  by  traces  of  acids  to  form  the  original  com- 
jeco::d3’v  amine  alcohol  arid  formaldehyde),  compounds  (V)  c4p<»ble  of 
fo'mfg  hvo'oe  blondes  .and  0''ly  lose  fo' in  aldehyde  when  heated  with  acid  [4  5].  It 
was  the  efo*e  i.ggested  that  the  action  on  (V)  of  0'g3''Oinagnesl um  compounds  would  be  ac  • 
cu:rP“''  "1  by  arrack  of  rbe  nuclecpiiiUc  radical  of  the  orgnnoinagr.esi um  compound  on  the 
carbon  the  rrcthylene  group  with  corsequent  ni'g  opening  and  fc^maiion  of  2  Oialkylamino 
rpetnyi  cerivafves  of  phenol,  although  the  reaction  itself  may  be  expected  to  be  less  intensive 
than  1-  the  case  of  erne's  (0. 

Fo.r^  the  purpose  of  purti’ g  trrs  theo-y  to  the  rest*.  reacted  phenyl  magnesium  brnmlde  with  3.4-dlhyd>o-3' 
c  yclohexyl  €  ten  butyl  l  3  2  be'zov^z'n-  (VI)  and  we  esiabltsiied  that  the  reac  uon  is  energetic  ind  is  accompanied 
by  appreciable  rise  of  teirpe'a’^*^-e  A'te  dec  ompc  sition  of  the  'eai  non  mixt  i.'e  with  ammonium  cMonde.  rne  irraln 
teactiop  product  was  a  s^bstiare  mcl’i'g  (*’Oip  ethyl  alcoriol;  at  13*7  137.5'  ind  diffe’ltg  f'om  the  O'lgi'.ji  benjiox 
azlne  The  elemc'ti'y  analysts  g'ivc  the  fo'in'jJi  The  co.mpo'iod  c  ?tatped  one  •>£tive  hyd'oger"  vTom. 

This  en.abled  the  structure  2  (ber-zylc yc lo.ne .ylairinomcthyi)  4-tctt  bulylpbenol  (Vli)  to  be  rss’gned  o  l»  Tt'C  sr.ic»u:e 
of  (VII)  was  confirmed  by  its  idenuficario"  with  me  subsrar-.cc  repa»ed  by  kjiown  method  by  dveri  reiction  of  N  - 
c yc lohexylbe,r'zylaml’‘fc  with  fo’maLdchyoe  and  4  tert  butyiphcnol. 
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Note.  Purification:  •feom  ethyl  alcohol;  ••from  methyl  alcohol,  •••from  methyl  alcohol -ethyl  acetate  (2;1)< 


Attention  should  be  drawn  to  the  fact  that  BurKe  and  co-workers  [5]  had  treated  comprounds  of  type  (V) 
with  ChjMgl  for  determination  of  their  active  hydrosen  but  had  not  observed  a  reaction  with  o'sanomasnesium 
compounds  In  a  more  recent  publicauon  [6].  which  appeared  after  the  completion  of  the  experimental  part  of 
the  p'esent  investigation.  Burke  and  co-workers  reported  the  preparation  of  1-dibenzylaminomeihyl  2-naphthol 
in  8*51  of  tne  tlieoretical  yield  by  the  acuon  of  a  large  excess  of  C^HjMgBr  on  2, 3-d ihydro-2 -benzyl-1  H-na phth  [1.2-e)' 
m-oxazine.  Since  our  own  data  gave  a  clearer  idea  of  the  course  of  the  reaction  of  3.4-dihydro-3-alkyl-l,3,2-benzoxa- 
zines  with  organomagr'esium  compounds  than  could  be  derived  from  paper  [G],  we  decided  to  publish  our  results. 

Ouf  work  diff.  wd  from  [6]  ir.  that  the  uansformaLron  in  question  was  realized  not  only  with  but  also 

with  a  'series  of  other  orga'‘-omagnesium  compouivds  When  (VI)  was  reacted  with  methyl  rnagriesium  iodide,  isobutyl 
rragrtesium  bromide,  allyl  magnesium  bromide,  benzyl  .magnesium  chloride  arnl  phenyl  magnesium  bromide,  rhe 
yield?  of  ihe  isolated  pure  dialkylaminomeibyl  dertvatives  were  of  the  theoretical  A  bcnzoxazine  with  anoificr 

sfuctutc  was  tested  in  the  shape  of  3  4  <lihyd'0-3  c  yclohexvl  phcnyl-1 ,0.2-benzoxazine  *.  f-om  which  was  prepa-ed - 
by  treatinert  with  phenyl  magne-iurn  bromide  — C-fbenzylc  yclohexylamlnomethyl)-4-pher!ylphcnol  in  over  yield 
These  data  show  beyond  doubt  that  ring-opemng  with  formation  of  2-diaIkylaminomethyl  derivatives  of  phenol  is  the 
main  duection  of  the  reaction 

The  effect  of  the  sterically  hirrdereo  o-gvnorragnesium  compoijnd<;  w»s  investigaied  by  carryjnp  out  the  'car- 
tion  of  (VI)  witn  le't  butyl  m.agriesium  bromide  and  cyclohcxylmagnerium  chloride  Also  ir  this  case  ihe  tea*  tion 
proceeded  arco'ding  to  the  .same  scheme  a-id  the  products  were  2-(2  2-dimeihvip’opylc  ycloriexylaiT’inotpethyl)-4 
te't  butylpner'Ol  and  2-(cycloV'exylhexihydroner'zylam' oir'Cthyl) '*  lert  butylphe-ol 

Specjal  irnerert  is  wtractied  to  the  preparation  of  2 -dulkylaimnomcthyl  derivatives  of  pherrols  by  ilie  at  tion  of 
O'canomagneslum  co;t  poured s  or  derivatives  of  3.4  dih'-d'o  3  alkyl- 1 ,3.2  btnzorazine  in  connection  with  lecent  studies 
of  this  type  of  compound  as  therapeutic  agents  [T]  By  the  ciasric  al  method  of  preparation  of  2  dialkyUiri^omeiiiyl 
de-ivat.ves  of  phenols  containing  various  substituents  at  the  nitrogen,  it  i'  necessary  to  start  f-om  fotmaldchydc  and  tlie 
ipp’op’iate  secondary  amines  whose  syrsihesiv  invoh.er  well  known  difficulties  ard  gives  low  yields  [8]  The  -eaction 
utilizing  dciivatives  of  3  4-dihvd*o  3-alkyl-3  3.2-bcr.zoxazincs  and  orpanomagncsium  c  ompounds  cr  ablcs  the  prepara¬ 
tion  of  2-cialk  vlamir.'orrethyl  derivatives  of  phenols  w.th  high  yields  and  wide  divctsificaUo”  of  the  subsMti  er>ts  f  ’he 
•esultant  S-dialk  ylaininou'ethyl  group 

experimental 

Rcdctionof  (V^  with  oiga.nomagnesium  coir)pou"ds  was  performed  m  tr.  er’^ereal .pedlum  by  addition,  with 
sti-rL'-g  of  the  rrysralli'e  ber>zoxazine  to  an  excess  of  orgariomagnesium  compound  heed  from  ’e.-io.es  of  n’ag''csljm 
The  amount  of  0'p.an,om  ague  slum  compound  varied  in  individual  expctiments  f'Oip2  to  4  moles  pe-  mole  of  beizoxa- 
zine  Du’ mg  the  addi’io'.  of  the  benzoxazme  the  tcmperatu’c  of  the  reaction  m-ass  was  mairuined  in  ihe  tarige  of 
—5  to  +5  The-eupor  ihc  mixtu’c  was  heated  a  short  pericxj  at  the  boiling  point  of  ether.  Reaction  products  were 
tsolatcd  by  rwo  prexedi'es  Whert  the  reaction  p-odact  was  soluble  In  ethe*,  it  was  exf acted  after  decomposition  of 


Formula  (V)  where  alkyl  ^  c  ycloCjHji.  R  - 


from  ethyl  acetate. 


the  'eactlon  mixture  with  ammonium  chloride 
solution  The  ethereal  extract  was  dried  with 
sodium  sulfate  and  the  substance  was  Isolated 
after  evaporation  of  the  ether  (variant  A).  When 
the  substarjce  was  poorly  soluble  In  ether,  the  latter 
was  evapouted  from  the  reaction  mixture  after  Its 
decomposition  with  ammonium  chloride  solution 
aTsd  the  product  (inaolable  in  the  obtaircd  aqueous 
solLiio')  was  filtered  off  and  dried  at  'X>om  tempera- 
tu  e  (variant  P).  The  substance  was  purified  by  cry¬ 
stallization  torn  orga'ic  solvents.  In.  the  table  are 
set  fonh  the  results  of  the  acUon  of  some  R'MgX  on 
benzoxaziryes. 

2-(Petzylcyclohexyla  ml^omethyl)“4-tert. 
b~utylpbe’''Ol  (VII;  from  iN-be.nzylcyclohexylamine 
hyd-ocblo’lde,  formaldehyde  and  4-tert  butyl- 


phe~-ol  The  siatirg  k  benzylcyclohexylarr.Lne 
hyd'OchlOTide  was  prepared  In  the  conditions  de¬ 
scribed  ir  [8]  by  reduction  of  I'J-cyclohexylidene- 
benzylamif>e  with  99*?s  riCOOK  followed  by  t-eatme-.t  witn  hyd’ochloric  acio.  The  hydrochloride  was  purified  by  cry- 
sullizauon  from  a  mixture  of  Isopropyl  alcohol  and  eihe:  ard  melted  at  284-285*  (block)i  the  literature  pives  252-253* 
[C]  284*  [10]. 


Po:  the  preparation  of  (VH)  saccessive  addition  of  2  25  g  N-benzylcyclohexylamlne  hydrochloride,  0.4  g  para¬ 
formaldehyde  a.nd  1  .5  g  4-xtn  butylphenol  was  made  to  a  -olution  of  0.0  g  KOH  In  15  ml  ethyl  alcohol.  The  mixture 
was  h.eated  on  a  water  bath,  cooled  and  dil..ted  with  wate’  The  separated  prod,  ct  was  crystallized  from  ethyl  alcohol 
a*xi  then  melted  at  136  2-130  8*  n  mixed  ten  with  the  o  od'.;Ct  of  i'te.actior.  of  C,F.jVg?:  with  (VI)  did  ’jot  give  a 
melting  poivt  dep-esslon. 


S  vksaR’' 

1.  fti'action  of  O’ganomag’-esii.  m  corrpnunds  with  3  4-d:hydr0'3  alkyl  O- alkyl  (aryl/ 1,3  2-benzoxazines  results 
in  opening  of  the  bcnzoxazine  ring  with  fOTnatio'  of  the  co  -espo-Jf  g  2-(dislkyIarri^omethyll  4-aIkvl (aryl)  phenols 
as  the  mala  products 

2  The  inethfKl  In  question  may  tx3ssess  p*epa’:»lve  lnte*est,  s'-nce  it  enables  the  i'C  oduction  of  a  wide-  vanely 
cf  substiljcnts  i"  the  fo  ircd  ^  diajJ<ylainiroiiK.‘tr:yl  g  cup 

LIT  ERaT  re  cited 

ll]G  k*  Robinsor  R  Robi'.son  Chein  Soc  123  532. 

[2]  C  Prevost  H  Ce'f  de  K'au.oy  Coirptcs  ~cnd  210  771  (1943) 

[3]  K  3  Mlzuch,  *,  Gen,  Chem  16  1-J7l  (19-16)..“'  G  K‘iz„ch  a'^d  Ts.  M  SeKe  ^oc  .nc ad  Set  GSSR. 

^0  -X)  .}  637  (1950)  79  ►-o  6  807  (1951) 

[4]  W  r  ‘ij'ke  ■  Ain  Chcii’  Soc  71  609  (1949/ 

[5]  W  Fu’ke  C  Weatl>efbee  Am  Chcir  Soc  72  4t  91  J(<50) 

W  ,,  Su’ke  M  I  Volbt'zen  C.  W  Stepire's  J  .■\iii  Cheir  Soc  '^4  3601  <1952, 

[7] ,  H  '^urck halter.  F  H  Tendlck  E  M  .o-.es,  W.  F  Holcomb  A  L  R.wr/s  .  Am  Chem  Soc  68  1894 

(1946)  ;  H  9-j!ckhalte:  ’  Am  Cbeip  Soc  72  5309  ( Ki50) 

[8]  R  Faltzly  O  Kaude*  '  O'g  Chem  16.  173  (1951) 

[9]  R  E  Lutz  and  co-wO’ke»s  J  Og  Cr.t.m  12  760  <1947) 

[10]  I  V.  hraun.  Be:  5C  1988  (1923) 

Received  DctemDer22,  1952 


i<_  E.  Vo  oshilov  L'stlt«.:e  of  Resea.'ch  o*  Orga’Jc 
l"te'mediates  a.^'d  Dyes  Moscow 


APPLICATION  OF  THE  WILLGERODT  REACTION  TO  THE  SYNTHESIS  OF 
SUFSTITUTED  PHENYL-  AND  N  A  PHT  H  Y  LAC  ET IC  ACIDS 


Ya.  A  Pa$k4kov  and  N,  N.  Melnikov 

Application  of  the  WUlgc^odt  reartlon  to  the  synthesu  of  a  fairly  large  number  of  phenylacetlc  acids  bon 
described  in  the  literature  [i]:  Ir  the  majority  of  cates  however,  the  yields  are  not  stated  and  It  Is  therefore  inipr>cfiMg 
to  assess  the  value  of  this  method  fo^  syTithesis  of  a  particular  rompoijuid.  More  detailed  data  have  been  ptislisfaed  oa 
the  preparation  of  thlomorpholides  fom  sobsiituted  acetophenones  [2  3,4,5],  but  due  to  the  difficulty  of  sapo-iflcatioa 
of  the  former,  this  modification  of  the  Willge^odt  reactiort  is  little  suited  to  the  syrihesis  of  the  correspcMiding  pfaesyl- 
acetic  acids  [6J.  This  reaction  hi.s  ’'ot  been  applied,  however,  to  the  synthesis  of  substituted  naphthylacetic  acidsw 
Moreover,  the  Willgerodt  reaction  is  uridoubtedly  interesting  foi  the  synthesis  in  laboiatoiy  conditions  of  a  whole  series 
of  substituted  phenylacetic  acids  whose  preparatlcn  is  mote  complicated  by  other  methods. 

Nea’^ly  all  of  the  phenyl  and  •■aphthylacetic  acids  were  prepved  by  us  in  standardized  co.nditions:  beatins  of 
ammonium  polysulfide  and  the  app*op:iate  ketooe  in  aqueous  dioxane  solution.  Our  experimental  data  on  the  prepara¬ 
tion  of  phenyl-  and  naprthylaceiic  a' ids  are  set  forth  yr  Table  1. 

It  should  be  noted  triat  it  wi.s  not  possible  to  obtain  the  cor-esponding  amides  anxl  acids  from  o-hydroxyaceto- 
pheno'e,  p-hyd'Oxyacetopne-C'e  2  5  ci:b  oiroacetophenone,  2,4  dimethoxyaceiophenooe,  2.4,5‘Uichlo»oacciopGcnooe. 
4-btomonaphihyl- 1 -methyl  ketone  4 criorociphthyl-l  methyl  ketone,  4-meihoxynaphthyl-l-methyl  ketone  and  -«-ei:oxy- 
naphihyl-l -methyl  ketore.  The  data  of  Table  1  pe'-mlt  of  several  generalizations  about  the  effect  of  substitueurs  Is.  tix 
aromatic  ladical  or  the  course  of  the  Willge-odi  rciction  In  spite  of  the  abundant  experiroe^tal  material,  this  scion 
has  received  vfy  little  a'te'trc  i*  the  h^e  /.turc  it  has  merely  beer  reponed  that  the  presence  of  alkyl  ar-d  alkoxyl  and 
halogem  ha:  apo’ect^ble  i'fi.e'ce  o’  tne  course  of  tr-e  -eaciior  []],  whereas  nitro-,  amLno-,  fo'myl  and  siirtla:  srotsps 

may  undergo  changes  due  to  the  occ^'ie'ce  i’  tne  rejcuo^-  medium  cf  oxidation-reduction  processes. 

Oj'  cxperime'^al  dUi  give  defi'^ite  L'diciti"'''  of  the  infljccce  of  even  such  substituents  as  halogen  .ird  al^yi 
on  the  cou.'^  of  the  iVUlgc’odt  -eictior  T^^>e  pese^xe  of  ore  5.jbsiit'jent  i'.‘  the  phenyl  radical  in  the  paya-posit^o?  to 
the  acetyl  lowers  the  yieid  of  tpe  O’mil  reaction  p-odjcts  The  ympJesi  substiruenis  may  be  arranged  in  the  fcUcwirg 
o.'der  of  ncreasing  unfivo*«blc  rfit-ence  o~  the  yield  of  p'od.,cts  of  the  Willgcodt  reaction: 

CM  <  C1<CH,0<  I  <;OH 

The  mar  •e»ciio’’  pod^c'r  me  P'esei  ce  of  s..ch  s  bstrt  .e^ts  >.:  Cl  I  a'dOCH.  is  a  mixt.-e  of  2,4  a”*c  2 
substituted  tbiopnces, 

I-t'oduc  tion  of  *  scco’^d  s-‘bsi:*.e'’t  l'*o  the  a'oirifc  '-idic  jI  s.pp't-sses  me  •eictio''  of  forration  of  thicr-.-c'e? 

In  consequence  of  which  re  yield  of  pre-yl-cetic  arics  a 'd  ’■  ci'  a;r'des  sna-ply  ior-eases  Tn  .s,  i  meihoxy-2 -m-etn vi¬ 
and  .-metnoxy  "1  ir'ethyli'etophe*  ones  g’v'e  cO"  iiae'- Mv  hig*^»e'  yields  of ’orrral  p-cd.-ctsof  •e»ctio:'.  than  4  met-CA>- 
aci  topher-one  wn’lc  -ca-ly  quartitative  v.tid:  of  4ir  de>  -i-xj  acres  «  e- got  f'-c.m  some  Haloaikylicetopr-enores 

Accumulation  of  iro-e  *r.<'  two  nalogeii  c  otre  s.bstu.c-’is  i"  trx-  a’oir:»'c  '-ud'cal  of  »c ctnpre-o--;  Seadi 
to  lowerirg  of  the  yield  of  ’o.iral  o  oouc'.^  cf  the  Willgt'odt  fcaciion  ir.  s.cb  a  csse  r-.e  effect  of  halog.ens  is 
particulaMy  ma-l-ed  The  I'n^ence  of  methyl  g'Oups  is  cors:«ie:ibl>  weaker. 

A  irnUa-  ptetu-e  is  observed  r  the  r  jphth*ler'e  series  ;  Ktetr.y!' ^pntny!  1  methyl  t.eto'^  is  co'.ve-iec  i' 
satisfactory  yield  into  4  n>einyi  ap'-thylacet atn'de  woe  tas  the  co^'esp^•xlrg  cr*loro  b'omo  a^d  alkoxy  keto-es 
give  mainly  p-oducts  'csi*  ific  itm  With  ethyl  p'opyl  a-o  bft>'l*aphthvltnct‘’yt  tetoiest'e  -eattion  pro^-eeCi 
normally  but  liic  yield  of  amides  falls  with  rc’e?‘inn  rrolecjla*  werght  of  rhe  hvdt'ca  bon  --'dical, 

EXPERlk'E'-TAL 

f^epa’aMon  of  all  of  the  arrides  of  phc"'ylacciic  acids  was  perfo-nrH-d  in  'he  following  co"Oitio'.r  i? 

a  glass  tube  volume  about  lOv.'  ml  we  e  olacec  g  keto'c  20  ml  dioxane  and  25  ml  aq^ieovs  soljtion  of  an'’-TO*.urr 
polysulfldc  The  tube  was  placed  in  a  -tainless  steel  -oiiimg  autoclave  ar-dkept  at  1C5  l^O  ^o'  4  nou.'s  xf’e*  coo.r:^ 
the  reaction  mlxiutc  was  t'ansfc'-ed  to  a  lO'celam  bcake*  and  evapo-a'ed  on  the  wate’  hath  to  d-yress  The  '•es.c  ^  was 
twice  extracted  with  hot  waie'  (each  time  with  "’00  ml)  The  pecipita'e  of  amide  which  came  oow.  or.  coolmg  the 


aqueous  extract  was  fUtcred  off  and  recrystaUlzed.  The  aitraie  was  evaporated  to  a  small  volume  and  a  small 
additional  amount  of  amide  was  thus  obulned;  in  some  cases,  acidification  of  the  mother  liquor  gave  a  small 
amount  of  acid  which  was  fUtered  a-Kl  rccrystallized  from  water.  In  Table  2  are  set  forth  the  dau  for  compounds 
not  described  in  the  literature. 


TABLE  1 


Prep. 

No. 

j  Name  of  suiting  ketone 

1 

Yield  (‘*.1 

1  Mp.  of  1 

KLp.  of 

of  amide  of  acid 

amide  !  acid 

1 

Acetophenone . 

I 

88  1  5.5 

_  j 

2 

4<hloroacetophetione  . 

28 

;  7 

175*1175)  1 

i  105*  [105.5] 

3 

1  4'Iodoacetoi^none . 

12 

•  0 

• 

,  135  [135] 

4 

4-Methyl«cetophenone  . 

63 

1  0 

184  [185] 

92  [92] 

5 

2-Hvdroxy*cetophenone . 

0 

i  ® 

1 

i 

6 

4-.Hydioxyacctopbenone . 

0 

1  ° 

•• 

1 

n 

4-Ktethoxyaceiophenone . 

25 

i  0 

175  p75) 

85  [85] 

h 

2  5-Dibrorroacetophenone . . 

0 

I  0 

•• 

d 

2.4-Dichloroaceiophcnone  . 

39  1 

1  5.5 

# 

• 

10 

1  2,5-Dichlcroacetopbcnone  . 

34.7 

1  ° 

175  ri75) 

106  [106] 

11 

:  3-KtethyW-brcmoaceiophenone . 

68  1 

1  0 

165  [168] 

81  [81] 

12 

,  3-Weihyl-6-biomoacetopbe*ione . 

74.7 

4 

152  [152] 

82  [82] 

13  1 

3-SfethvM-chloroacetophenone . 

72.4 

0 

162  [102] 

83  [83] 

14  ' 

3'Meihvl-O-chloioacetophenone.  ....... 

87.8 

5.2 

141  [141]  1 

86  [85] 

15 

4-ksethvl'2-chloroacetophenone . 

74.8 

0 

• 

• 

It. 

2-Methyl-4-meihoxyaceiopbenone . 

5-9.2  1 

• 

107  [107] 

17  i 

3  -KVe  t  hy  1  -4  -me  Uio  xva  ce  tophe  none . 

61.8  j 

0  j 

127  [127] 

18  I 

2.4-Dimethoxy?ceu)phenDne  .  . . 

0 

®  i 

— 

— 

IS  1 

2,-'.,5-Trichlcoaceiophcnone  ........ 

j 

0 

— 

— 

20  t 

2.4,5-Tiimeihylaceiophenone . 

42.1 

165  [165] 

118  ni8] 

2!  ! 

Methvl-l-ruphthyl  ketone  . 

87  8 

,  0 

182  ! 

1  132 

22  j 

4-fromoiiaphThyl-l*methyl  ketone . 

0  I 

1  ^ 

- 

- 

23  j 

4-Chloioruphlhyl-l-n)eihvl  ketone . 

0  ! 

!  0 

- 

- 

24 

;-MeinvlTupiirhvl-l-methyl  ketone . 

86.3 

0 

209  P09] 

148  [148] 

25  ■  ; 

4-Me:hoAyfup/!ihy]'l-n'»cthyl  ketone  .... 

20 

0 

• 

• 

26  ^ 

4'Ethy!naphthyl-l-methyl  ketone  .  ... 

41 

0 

• 

• 

27 

4  Eil-oxynaphthyl-l -methyl  ketpne . 

0 

0 

- 

- 

25 

-I-t^opyl'iaphthyl-l-rpeihyl  ketone  .  . 

40 

(i 

• 

• 

r. 

4-tV'tyInapbthyl- 1-methyl  ketone.  .... 

1 . 34 

0 

•  1 

The  .;unp  points  of  amides  and  ac.ds  In'biacket-  arc  hteratu'e  dau 

SUMMARY 

1.  'Siaiting  f*o.n  The  correspondinj;  ktioncs,  a  luCy  was  made  of  the  pTeparaiion  of  substituted  pl»enyl 
and  naphtsiylic cue  acids  by  the  Williteiodt  reaction  A  la^^c  number  of  compounds  we»e  used  in  the  invest iptation 

2.  it  was  .e  tJbli>hcd  that  the  yield  of  ar.Tacetic  acids  prepared  by  the  WUlperodt  reaction  la’^RCly 
(lepencs  0"  The  cU'acte-  of  the  s.ihnituerits  in  the  aiomauc  radical  In  the  simplest  case,  subst.uenls  .nfavo-ably 

f.uer»c»’'g  tl-e  yield  of  a'\Iicet»c  acids  are  aranjied  in  (ollowinft  order. 

CH,  <  CJ  <CM,0  <1  <  OH 


I':t  vkj.ft.iui  a  scfono  jubstituer:  into  the  aromaUc  'adical  reads  ic  fall 
Will^e-odt  reaction. 


in  the  yield  of  »'0’ipal  products  of  ttie 


3  A  number  of  me  syrttliesized  compounds  riavt  roi  been  dcscTibcd  in  the  literaiute. 


See  Table  2 


TABLE  2 


Prep. 

Name  of  compoead 

Meltj 
acid  'f 

Hops'll. 

1  An  a  1  y  1 1  s 

imide 

IWt.  of 

Aircunt  of 

Molecular  weight  ' 

!  N  coptcat  rtfc) 

- 1 - 

!  j 

i  ! 

_ i _ 1 

umple 

B) 

i 

0.02  NKOH 
or  H,S04 
(ml)  con- 
i  Siimed 

found 

'  calculated 

1 

found 

1 

1 

calculated 

1 

1 

4-Iodophenylaceumlde  . 

j 

jl9l* 

0.0624  , 

11-81 

1  5.30 

5.36 

2 

2 ,4'Dichloiophenylacetic 

1 

1 

0  0652  ! 

r 

acid . 

131*  , 

1C8  < 

16.15  12M.9  ' 

;  204.8 

j 

1  - 

1G9 

0.0532  ! 

13  24  1 

201.0 

-  ^ 

1  - 

3 

2-Chlo:o^-methylphenyl- 

i 

1  1 

1* 

\ 

‘  i 

1 

i 

1 

acetic  acid . 

lOG 

164 

0.0840 

22.54 

186.3 

184.4 

-  1 

0.0795 

21.44 

185.4 

i  -  ' 

- 

4 

4-Meiboxy-2-roethylphenyl- 

1 

acetamide  . 

- 

154 

0.0742 

20.19  1 

- 

i 

1  7.62  ! 

7.80 

0.0720 

19.64 

- 

-  '  ' 

'  7.64-  1 

5 

4-^eihoxy-3-mcthylphenyl- 

1 

i 

i 

i  1 

acetamide . 

- 

153 

0,0690  j 

119  00  ! 

1 

— 

i 

7  80 

0.0698 

118.67  1 

1  -  .  i 

“ 

7.49 

6 

4  -Met  hoxyna  ph  thy  1  -1  -ac  e  i  ic 

i 

1 

i 

acid . . 

144 

175  j 

|0.1432 

13.11* 

;  218.5 

216 

- 

— 

.  i 

0.1238  i 

1V28* 

1  219.4 

!  - 

- 

4-Ethylnaphihyi-l-icetic  .acid 

129 

167 

0.0852  i 

19  36 

'220.0 

214  ; 

I  - 

- 

0.0831  i 

IS  92  ,  1 

|219  6 

- 

— 

8 

4-Propylnaphtbyi-l-areiic  acid 

119  : 

157 

0.0892 

19  30 

I  231  0 

228 

- 

- 

C  0901  1 

19  35 

1232  S 

— 

— 

— 

y  ‘ 

q-RiJs.raphthyl-l-acetic  acid 

110 

156  i 

0  0841 

i'’  23 

24*1  0 

24^ 

— 

— 

1 

!  1 

0.0731 

116  01 

243  5 

— 

— 

L’T  ERaT“'  re  C  ’TED 

[11  Oganic  Rt-actioru,  3  (!&.'> 

[2j  Zaug  RapaU  U-'flle'  Am  Clicrr  Soc  •  70  3224  (I'diS) 

[3]  Tu:ne:.  :  Am  Chem  .Sex.  72  3823  (lO.SO, 

[4]  Zcli'sl'y  Tu.'t quest  Am  Chem  Sc.:  '’j  5S23  1%C 

[T'l  I'feve  Oizz  ,  61  78i/(lf<Sl) 

[f  ]  RygC’s  J  CiiCfp  Six  rjSO  3360 


*  0  05  ^  KOH  utd  for  the  tr.ratio'. 


Rece  ved  Deceirbc’  8  1952 
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SOVE  9  rSTlTUT  ED  DERIVATIVES  OF  ACRIDINE 


G.  1  Braz  and  S.  A.  Kore 


One  of  us  In  collabo'atior  with  T.  V.  Gortln^kaya  p]  has  described  9-(diazoacetyl)-acridine  (I),  as  well  as 
acridyl“9'(u^-brornorrethyl  J«etone)  (II)  which  was  prepared  f’om  diazoacetylacrldine  by  the  action  of  hydrogen 
broiride.  Starting  ftorr  ♦hese  compounds,  we  undertook  the  synthesis  of  some  previously  unknown  9  substituted 
derivatives  of  acridine:  f'om  diazoacetylacrldine  we  wished  to  obtained  (by  Wolff’s  method)  acridyl"9' acetic  acid 
(IV),  while  by  condensation  of  acridyl  b'omomethyl  ketone  with  secondary  amines  we  aimed  at  obtaining  the  cor* 
responding  amino  ketones. 


COCH^i.  CH,CO^-H,  CH^OOH  CH. 


Attempts  to  p'epa-e  ^c'ldvlacetic  acid  drectly  f’om  diazoacetylacrldine  were  not  crowned  with  success.  It 
was  therefo'e  •esolved  hist  to  D:epa'e  ac’;d>I-9  acetamide  (III;  and  then  to  -saponify  it  to  the  acid.  Transformation 
of  diazoacciylac'idine  i.nto  uridyl  ice tAmlde  p'oceed  very  smoothly  and  gives  a  yield  of  about  80*50  of  the  theoretical. 
Or  Ideating  ac'idylacctairidc  with  odi.m  nifi'e  in  solution  in  a  mixture  of  sulfuric  and  acetic  acids,  we  actually 
succeeded  in  obtainung  a'  ac  id  who  e  a'talysis  agreed  fai'ly  closely  but  not  emiiely  satisfacioiily,  with  that  calculated 
for  ac cidyJacetic  acid  Wi'^^  ?iir  of  :de'  tilving  rhis  -urid,  it  was  converted  nto  t,he  hyd’Ochicride  of  the  acid  cMoi- 
ide  by  the  ».ctior  of  t.nio'yl  cnlo'.de  in  berzere  souition  the  acid  chloride  was  rnen  treated  with  concenfated  aqueous 
ammonia  to  form  the  amide  Tl»e  decompoz'.io.  lempetatu'c  of  the  latte'  prov'id  to  be  3*3owe'  tna,”  that  of  the 
ac'idylaceum'de  p-epa'cd  f  oir  di.izoac etviac  idine  A  mi.Ked  sample  of  the  two  amides  however  g-»vc  a  20'  de¬ 
pression  of  decomp  poi-'  Ai'e-'iic'.  was  ttre'  erected  to  the  Uc»  that  the  conjectured  sc'idylaf  etic  ac.d.  the  by  • 
d^ochlo’ide  of  the  acid  c'lorice  a'd  amide  bad  dec c.mpositmn  lemperalu  es  resrcctively  ag'eei'g  with  those  of 
ac’idine-9'C  a'boxvlic  a- id  trie  hyd’oc  r')o  ide.of  its  chlo'ide.aod  the  amide.  It  was  fL*the’  esiabl’shcd  tr.at  a  mixtu.e 
of  the  conjectured  ac 'idyl^'.  eti'  and  wun  a  'hent.c  ac 'idi'c<  a* boxylic  acid  likewise  t  mixed  sarrple  cf  tiic  amides 
of  both  acids  do  riot  give  a  depmssion  o*  me  der omposition  tempe-at'j'c  a'.d  thit  conseq-.-e itly  'he  ac'ion  of  rurjous 
acid  on  ac  ndyl  acetamide  ieads  to  ac  *  id  me -c  a*  bo  x  ylic  *.  .d  T.he  'eason  fo'  this  ufHrxncctee  'cs-li  be.-itue  clea'  wnen 
ac'idylaceiamide  was  subjected  to  ►'vd'o’vsis  m  a'  ^IkC’.ine  o'  acid  medium  'oili'’g  of  ac  idvlacetim*dr*  with  2')4 
hyd'oclilo’ic  acid  gives  a  gooo  vjelJ  o*  a  s.bxti'V'e  witich  is  insolu'Dle  in  t'iC  wr»r:se  ■*'"*lYsis  ipeltmg  point  j'd 

othc  p'opertiCs  mdici'e  it  to  be-  I'mcrnylac  idinc  (V;  'i-xvijinviar ridme  is  also  lo'nred  by  hyd  o’ y sis  of  ar'idyjacei 
amide  with  alcoholic  ali-ili  b^t  s.de  bv  side  with  ac'ido'ie  ro'mation  oi  9  ri'Cthyiac  idi'e  t''  this  case  conclusively 
shows  that  liyd'olysis  of  ac  ridylacetamidc  does  i  deed  give  ic'id..''e  9-acetic  acid  which  Is  appa'ertiy  u'i'.table  s^fd 
undergoes  decarboxylation  to  9  merhviac’idine  m  tne  expe'i:ne*’-il  co'dltions  t/  the  ■eactiO"  ispe'fo'med  w.uh  the 
help  of  a  l3'ge  excess  of  nit’o.s  acid  howeve-  then  me  Lr.tc’mednteiv  lo'rred  9 methyl, c';’rtr>r*  ir  the  lost5'’t  of  its 
fo'mation  is  oxidized  ’o  acridine  ci-t>o.vyl:c  acid  I-  P'actice  b’lcf  nearing  cf  ac'idinc acetamide  with  a  small  excess 
of  nitrous  acid  gives  9  irerhyUciidine 

Ac'ldyl'9<aceioxyrneih>l  kem'-e,,  ts  obiamcd  by  rc-actng  diazoacetylac'idife  with  glacial  acetic  acid  in 
presence  of  a  small  amojni  of  coppe*  acetate  as  c*tilysr  It  is  cu'ioos  rhat  this  *eacll3‘  does  ^ot  ra>t  pla'-e  in  tnc 
absence  of  a  catalyst 
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The  re^cUon  of  acUdylbromomethyl  ketone  with  piperidine  proceeds  In  an  unusual  manner.  On  mixing  a 
sol-.tion  of  acridylb.romomethyI  ketone  in  absolute  benzene  with  an  excess  of  piperidine  at  room  temperature, 
ptpe’idlne  hyd'obromide  soon  starts  to  come  down  from  the  reaction  solution, contaminated  with  a  trace  o  acr  one 
After  6  houis  the  amount  of  piperidine  hydrobiomide  is  about  90^  of  the  thecrcTical,  On  this  basis  we  should  ex¬ 
pect  that  the  condensation  of  the  bromo  ketone  with  piperidine  is  very  complete.  Actually,  however,  this  is  not 
the  case  After  separating  the  piperidine  hydrobiomide  and  driving  off  the  benzene  from  the  filtrate  in  vacuum,  a 
syrup  remains,  trituration  of  the  Latter  with  methanol  causes  a  compound  with  a  decomposition  temperature  of  about 
130*  to  separate  (precipitate  A).  It  decomposes  when  recrystallizition  from  methanol  or  absolute  benzene  is  attempeed 
arai  partly  forms  actidone.  The  same’esult  is  obtained  when  precipitate  A  is  re  precipitated  from  chloroform  by  ab- 
soluie  e»he!  at  room  temperature  Since  the  various  attempts  to  purify  precipitate  A  were  unsuccessful.  It  was  subjected 
to  elementary  analysis  without  purification.  The  results  close  to  those  calculated  for  acrldyl*9-(pipejiditu>mcthyl 
ker^ne)  (VI).  Moreover,  it  was  possible  to  isolate  (as  chloioplatmate  ot  picrate)  another  compound  which  unexpectedly 
proved  toacridyl  9-(methyl  ketone)  (VII).  After  isolation  m  the  free  state  from  the  picrate,  this  compoutil  was  identi¬ 
fied  by  comparison  with  the  ac^idylmeihyl  keione  prepared  by  oxidation  of  9  a-(hydioxyethyl)-acridlne  with  chromic 
acid  mixtute  fZ]. 

Deb’omlnation  of  acridylbromomcihyl  keione  by  treatment  with  piperidine  is.  as  far  as  we  arc  aware,  the  first 
Published  case  of  debromination  by  an  amine,  of  an  a-bromo  ketone  containing  the  bromine  at  a  primary  carbon 
atorr  A  similar  debromination  by  the  action  of  piperidine  on  a  bromokeio  esters  containing  bromine  at  a  secondary 
or  teriiaiy  cai>0'i  atom  was  noted  by  Howk  a^d  McElvain  [2]  in  the  cases  of  a^bromo-a-benzoylacetoethyl,  a*bromo- 
o-beozo>lpfopioethyl  arid  a-b»omo-a  benzoylphenylacetoethyl  esters.  In  the  first  example,  a.a-dirtperidinoberrpyl 
aceioeihyl  ester  was  formed  togethe»  wiih  the  benzoylaceioethyl  ester;  in  the  second  example,  a.  6 -dipiperidino- 
beri^oylpropioethyl  ester  was  formed  in  addmon  to  benzoylpropioeihyl  ester  The  intermediate  product  in  these  re¬ 
actions,  in  the  opinion  of  Howk  and  McElvaio  is  ^^J»omop;petldine.  this  would  satisfactorily  account  for  their  results. 
The  considcMtions  of  Howk  and  McElvain  about  Inteimediate  forTiation  of  N-bro  me  piperidine  appear  to  be  corro¬ 
borated  by  the  isolation  of  aliiomaloiuc  ester  and  N-bTomod-me:hyIamlne  when  bromonitromalonlc  ester  is  reacted 
with  di.meihylamlne  [4] 


During  the  reaction  of  ac’idvib'-omomeihyl  kemne  wiUi  ripendlne,  evidently  N-bromopiperidme  is  likewise 
for.med  in  part  and  in  tiie  conc.ticns  of  our  exporunent  i’  feacti  with  excess  of  piperidine  and  gives  piperidine 
ii  .-dfobfomide  Althougn  little  s'^dy  has  been  madr  of  the  prope.nies  of  V-b’cmoplpcridine.  we  nevertheless  know 
that  it  behaves  like  N<hio:opipe'id.ne.  the  latte:  is  knowcf  to  deco.mposfc  on  standing  with  release  jf  the  hydrogen 
halide  of  plpe*idine  while  with  a’.cchohc  KO.M  it  gives  KCl  and  tripiperideincto]  Con.sequenilv  we  can  undersund 
wbv  the  yield  of  pipe’idine  hyc’cb’omiQe  in  our  case  reactors  9'  “Jl.  of  the  thcoieucal,  whereas  the  yield  of  the  amino 
ketone  (p  ec  ipitate  A)  is  only  ab*jc:  2SC«  or  the  average. 


Ir.  o-dei  to  verify  wticThe-  piperidine  exe’cises  a  specific  action  on  ac'idvlb’omomethyl  keio»^.  a  simila* 
expe'ijT'P'*’  was  run  with  dietrvla.Tir^e  i.v  place  of  piper, dine  In  this  case  also,  we  obtained  ac’idylmethyl  keione 
diethyl  a  mine  n>C'ob’orpide  of  tr,e  thtoietical;  and  a  ccniiGcrable  ai.nount  of  acridore  Acidme  9  (diethyl 
arninoineibyl  keiO'>e;  lOuld  not  is’'iarcd  This  is  probably  because  the  »eac:;on  solut.on  was  allowed  to  si.arid 
fo’  too  long  a  pc’iod  in  consequc'ce  of  which  the  fo’^nifcd  ^m.ro  ketone  was  able  to  decompose  and  fo’m  actido.ne 


DebrGrniP.at ior  of  a  b'oiio  /clones  by  piperidine  in  the  above  indicated  cases  should  ondoubicdlv  be  cO'’e 
laied  with  the  Known  ab.l.ty  of  c-O’omo  ketones  to  undergo  deb'Oir)i''ation  acco’ding  to  the  'evc'sible  «e<»ciion- 


RCOCHR'R  ♦  HBr  ZilTl  RCOCH,R  +  B',. 


K  which  the  equii .b''iuir  is  rrio*e  or  ,ess  shifted  lo  the  iigl.’  e'r  to  the  left,  dt  pending  ori  tne  sf^efu'e  of  me  b’oino 
ke,0'e  Ln  the  p'cse'ce  of  a  b'O.Titne  acceptor  (pherwl.  6  r.aphthol  c-  cvclo.'’exc''C),  deb’Orr'in.ano"  is  very  r omnlete 
['']  ihus.  even  u.-b'orT'oaeetDpbe,''*one  which  Lsu"a^fec’iC  by  hot  co',c enfated  hyd’ob'omtc  acid  i*  com 

p.v.elv  ,  riitd  into  acetophe'ot»e  ir  a  medium  of  a  23*^-  HEK'  solution  in  glacial  acetic  acid  in  tveitnee  of  B 

raphthol:  i.he  equivalent  -jinount  ot  a-bromo- 6 -naphtliol  is  formed  [ea] 


O"  the  basis  of  the  fo'tgo.n- *e, marks,  the  idea  suggerts  itself  that  deb'omLnation  of  a  b’omo  Ketones  bv 


ananes  c  aanc!  be  sjch 
up  to  rtow. 


•a't  phcccn.er>on  as  appea’s  to  be  the  case  f*om  the  Mnall  numbe  of  exairpies  'Cpo'ted 


All  0^  the  dccompcspion  *e  mpeiatutes  teponed  in  th.t  f,aper  we*e  dctcrintncd  as  a  »ole  by  fi's’  he^tug  tliC 
cap  lli'v  >apidly  and  then,  from  0*.  maintaining  a  icinpe-atkirc  i  ,se  of  4*  pet  minute. 
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experimental 


Ac  ridy!-9  “Acetamide 

Into  A  th^e-^>crkcd,  100  ml  flask  fitted  with  sil^c’,  n[jcrca’'y  seal  and  reflux  condenser  are  charged  65  ml 
alcohol.  18  ml  cone,  aqueous  ammonia  and  3  ml  10^  silver  nitrate  solution.  The  mixture  Is  heated  to  70-75*,  and 
at  this  temperature,  with  stirring  is  added  (Ir  small  portions  over  a  period  of  2  hours)  3  g  finely  pulverized  9-  (dl- 
azoacetyl}^crldine.  the  cou'se  of  the  reaction  being  checked  by  the  evolution  of  nitrogen.  After  the  reaction  solu¬ 
tion  has  completely  cooled,  the  lustrous.  daik-brows,  fine  needles  ate  filtered  off  and  washed  with  dilute  ammonia 
solution  and  then  with  water.  7ield  of  acridylacetamide  2.3  g  o:  80^  of  the  theoretical.  Decomposition  point 
258-260*. 


For  analysis,  the  acridylacetamide  was  lecrystallized  from  a  small  quantity  of  alcohol.  White  (with  a  g'eenish 
tinge),  coalescem  needles  with  decomposiUon  point  2C0  2G1*.  Acridylaceumlde  is  soluble  in  glacial  acetic  acid  and 
in  mineral  acids;  it  is  reprec  Ipitared  unc'nar.ged  by  adding  alkali  to  its  solutions  in  acids  preoa'ed  in  the  cold  cr  with 
gentle  heating;  purification  miy  be  effected  by  this  procedure. 

2.895  mg  substance:  8.070  mg  CO^ ,  1.275  mg  H^O.  2.360  mg  subsunre:  0.250  ml  (24*.  743  mm). 

Found  C  76  02;  ri  4.93,  .S  11.90.  C^H|,0N|.  Calc  ilated  Ifc;  C  76.24;  H  5.12,  N  11.86. 

9-Methylac-ldlre  from  A  c  m  d  v  1  -  9-ac  e  ta  m  ide 

a)  Py  the  action  of  ryd.ocrio  ir  icid  1  g  ac  idylacetamide  is  dissolved  La  30  ml  20^  hydrochloric  acid 
and  ’e?Ii,xed  fo:  Ij-  hou  s.  Tr.e  yellow  sclu^lon  is  filtered  and  12*?)  aqueous  ammonia  is  added  until  alkaline.  The 
precipitate  weighs  0  8  g  k*.  o.  115  117'*  RecrystalllzitiOD  from  aqaeotrs  alcohol  gives  lustrous  light-yellow  needles 
wftlch  lose  theL'  lusre:  when  d'led  i’"  tne  vacu.m-desiccstor:  m.p.  i’8-119*.  A  mixed  test  with  a  sample  of  9-methyl- 
acridine  does  not  give  depressio*:. 


Found  C  86  89:  h  5.52.  N'  7.51  V  Calculated  C  87.01;  H  5.74;  N  7.25. 

b)  9y  the  actiof  ci’  alconolic  alkali  1  g  ac ’id  ylsceiamide  is  boiled  for  10  hours  with  25  ml  25^  solutioa 

of  K.OH  in  incLhyl  alcor-.ol.  i=»t  t’-e  era  c*’  tt'e  neatirg  the  whole  of  the  amide  goes  into  54Jlution  with  a  dark, 
yeliowisii-g'-een  cou  Tne  solirior.  -j  c-^joo*»ted  to  d’yness  in  vacuum  and  Lhe  residue  is  heated  wiA  water, 
drairurd  at  the  p-,rnp  ard  well  -wisr-ec  7^  a’led  -esidje  is  disuilvcd  in  boilirg  erjiyl  alco.noli  g’ten  needles  of 
aendo’-e  sepa-ate  f-om  t.ne  <’u‘*ate  ns  ir  p  and  its  mixed  m  p.  are  both  353'35a*.  A^ter  sepa-ation  of  the  acridone, 
i!>e  alcoholic  morher  lui-jo:  witn  wai.-.’  and  yields  I..22  g  9-meihyUcridine  with  m.p.  116-117*. 

c)  ac’ion  of  rn-g.s  !lc  d  ]  g  ac'idyUe etam'de  is  dissolved  in  12  mi  96*50 acetic  acid  and  the  solution 
fUie«ed  if  neres.>.?.>'  addnion  is  rrace  of  1  S  ml  91*50  sidfa'ic  acid  and  the  rc*>s  is  heated  to  70*  At  ihis  lempeia- 
tu’e  axKl  witn  stin'ig  d  opwise  add.  for  iS  made  of  2  ml  20*5©  sodium  nit’ite  sciution,  heaimg  is  cor^tinued  for  a 
^jnhe'  5  mtr.u'es  a.-d  tre  mass  J.s  pou  e  no  50  m!  wate  The  hcmogc'eous  vciation  is  made  siignily  alkahne  witn 
dilute  vOH  solution  '/he  ’igrt-yeiiow  p  ecipitste  of  9-me:ihylar-idine  melts  at  115  lid'afie*  *er.rvsiaIlizaiion  f'om 
aqueous  alcorol 


A  c  *  i  d  ^1  -  9  b  r  >•  V  1  c  *  c  i  d  f  *  o  m  A  c  ‘  d>l  9  acetamide 


0.85  g  ac'idy  lac  fair)  uie  is  d.asc-r«ed  n  12  ml  96*550  acetic  acid  1  S  ml  Gl^sdfjrlc  acid  is  added  following 
gradually  at  room  tcmpcat.-c  I'd  w.th  vi'.-rg  by  2  i  g  fi~ely  Dulve'Lzed  sodium  nitrite  Tra:  tempcratuje  o<  the 
solution  is  then  slowly  vised  to  7.5  nO  i  d  held  mc’C  fo-  2  houv  A*?e  cooli'g  me  -eacrion  m  jctue  is  ^un  nto 
100  ml  cold  Wile-  L’.e  iiro  pn'’..s  \eiicw  p-ccirna’e  of  the  a»id  is  d-jf’od  3-  the  p-jJt  d  a-d  twice  pu  i^ied  tn-r.ugn 
Its  sodicip  salt  f-O"  icis  pjT~''ie  t’e  ^tid  .s  dissr-lvi-O  i"  f  .-^fes^di  filie'ca  ard  a.cidif’ed  wii-  dilvie  rryd’oer io’k 
and  until  the  'cac'io'  is  -icia  toO  -i.-igo  Tiic  obta.ricd  ic:d  weigny  o  15  g  a''d  h-is  decoriipos'iiO'  point  27lr281 
Aftt'  'ecrystaliizaijO'i  *  om  gimai  acenr  acid  the  dec ompositjOi  pent  is  283  25.  Tnr,  :s  ’’sc  ke  de* omposition 
point  of  1*ls  mixtu’e  win  a*  .aotcc'-tic  ipeci.nu--’ of  i/'idnc  9*- ■•.'bOKylic  -»cid 

Found  *5b  C  74  tiS;  H  4  39  C ale ulated  *51  C  75  31  H  4  07 


0.2  g  acid  p-ep-.  ed  bv  the  «ba'*c  dev  *.bed  pu-'ficd  ih.''0''gh  rn^  sodi.fi"-  »i  t 

mixtu'e  of  1  n’l  thion\l  ci-'O  loc  ■•'■•d  1  2  ml  nbvoiute  benze  e  ''nn.!  a  nomoge'-eoiis  ur’t  gO’  j  fo 
of  iftionyl  chlo'idc  a’d  be  y.e-re  s'c  disnllcd  oft,  f’csh  l>enaene  li  added  to  the  'Ci.d  .e  a  .d  si.*  ' 
ope*TaliOn  is  ’epcated  2  d  'iipes  Tl.e  d  v  tesidue  is  well  wasned  with  benzt-f-e:  -no  d'led  'leld  •- 
of  ac’ idi.nc-0  carboxylic  acid  chlo'ide  0  Je  g  Deco:rpo.’ti0.r,  potnt  214  215*. 


IS  fvo.lftd  wiiT'  a 
li'CO  The  excess 
distil  led  off;  this 
if  the  nyd-Dchio’idc 
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0  g  of  t^e  c  vboxyllc  *cid  chloride  hydrochloride  is  mixed  with  10  ml  cone,  aqueous  ammonU,  gemly 
heated  on  the  warei  bath  and  left  overnight.  The  precipitate,  which  is  no  longer  crysullLne.  is  drained,  washed 
with  water  a^d  recrysulllzed  f-om  alcol»ol  Decompoiition  point  2G3-2G4*.  A  mixed  test  with  the  amide  of 
acridi',e  9 carboxylic  acid  p-epa-ed  by  hydrolysis  of  9cyanoactidine  [7] does  not  give  a  depression.  A  mixed 
sifpple  with  acridyl  -9  acetamide  melts  at  240  242*  with  decomposition. 

Acridyi-9-(acetoxymcthyl  Ketone) 

6  ml  gliclil  acetic  acid  to  which  has  been  added  a  few  crysuls  of  copper  acetate,  is  heated  to  the  boU  undet 
a  red.^x  conder'se’.  ar»d  to  the  boUl-g  solution  is  added  1  g  g^duzoacetyl)  aciidine  dropwise  over  a  pc.riod  of  30  mlr** 
otca.  Vigo'Oyv  evolotioo  of  nJLtogen  soon  commences  and  about  75  ml  is  collected.  After  completion  of  the  addition 
th»e  diazoifctylacridlne.  the  daTk-b»own  solution  is  boiled  for  another  few  minutes.  The  cooled  solution  is  heavily 
diluted  with  ether  ^od  the  ciysulline  precipitate  of  aciidyl*9-facetoxymethyl  ketone)  is  filtered  at  the  piinp.  Weight 
0  45  g  m  p.  178-179*.  a  further  0.2  gc*n  be  isolated  from  the  raoihe*  liquO!  after  evaporation.  Same  m.p. 

Afte*  •ec'^s'allizttiorr  from  alcohol  the  pure  substance  melts  at  183*184*.  Actldyl  9(acetoxymeihyl  ketone) 
iv  slightly  soluble  L»‘  benzene  and  chloroform,  almost  insoluble  in  ether  and  ligroine.  soluble  in  Inorganic  acids. 

3. 055  mg  substarree-  9.808  mg  CP|,  1  554  mg  HgO.  Found  ‘Jb:  C  73.18,  H  4.70.  Ci^Hj^OgN,  Calculated^: 

C  73  09.  H  4  69 

RcatiP-i  o*  Acrrdyl  9-(>j-b;omomethyl  ketone)  with  Piperidine 


3  g  4c*rav!-b’orpomcrhyl  Setone  with  m  p  14  8-150*  is  dissolved  with  heating  in  53  ml  benzene  ((Heviously 
d’ied  rve*  sodi-.-.m)  to  cooled  solution  is  added  3.9  ml  d»y  piperidine  and  the  mass  is  left  in  a  dark  place  at  room 
terrpe  at....'e  0  ho  js  The  crystalline  precipitate  is  filtered,  washed  with  dry  benzene  and  dried.  Weight  1.6  g. 

Treatment  with  cold  water  brings  the  g'eatei  part  of  the  material  into  solution:  after  driving  off  the  water  from  the 
filtrate  and  »ec 'v'stalllzing  from  chloroform,  the  product  melts  at  234-235*.  which  is  the  m.p.  of  piperidine  hydro- 
bromide  The  water-Kis  ^I'jble  portion  weight  about  0.1  g  melts  (after  puiificauon  by  sublrmation)  at  363*  and 
docs  not  give  r  deiressiori  m  admixi-i’e  with  acridone. 

Evjpo’:»:iori  of  tne  benzene  fllpate  of  the  rcacaon  solution  in  vacuum  at  a  temperature  not  exceeding 
30  35"  leaves  a  ai*k  sv'up  ‘mclJing  of  mice  Trita'atioi.  of  the  res. due  with  20  ml  meilunol  causes  separation 
of  C  85  g  g'eerjsn  veUow  o'ccipiute  (A),  this  is  filtered  at  the  pump  and  washed  several  times  with  methanol. 
Tris  p-eciPi’-ite  r-relts  at  127  ’30  wiih  decon.'posiuon  to  a  da»k  liquid  which  rises  in  the  capillary  at  about  1.36*. 
Sriarrgly  sol.ble  i-j  e'^.e*  lig-oi^e  bc^zere  arid  methyl  a-xi  ethyl  alcohols,  soluble  in  the  cold  in  rhlcroforir  aryj 
gUf  iil  acet.f  acid  .A*'  areirpt  to  p..’ifv  il  by  reciystallization  from  benzene  or  methyl  alcohol  led  to  separation 
f  om  the  sol-j'io*  of  i  sm^ll  q  anr.tv  of  ac'.done.  removal  of  the  solvent  fro.rp  the  nlpaie  it  vacu.m  at  30  35*  gave 
a  di>h  b-owp  e.ly  es’due  1*  mos*  rases  a  similar  'esijli  is  obtained  hy  •co-ec  ipitatior,  w.ih  d'y  ethc-  of  tnc  cold 
p  eprr  ed  s'*!.t!0*  of  p  ccipifatc  A  ir  a  sn'al!  qi  anti’y  of  d’y  r  hlcrc-fo'm  The  eleii'enti'y  of  ’rie  .rp.rified 

p  e* ’pita’t  A  c  vt^  fes  Its  i*'  fai'iy  close  agreement  with  those  calculated  fo*  a.'’idyl  9 (pipt-’id  inoire’nvl)  *<etore 

2  '^■:2  I'  z  >  fc  H  151  II  g  Cn^  1  C12  mg  m,0  3212  mg  subsur>ce  9  516  mg  CO,  1  830  irg  -i,0 

2  JSi)  ir  g  s  bi!  1  <  e  23;  n  '.  's  <21'  739  C  ii'm/  -i  085  mg  substance  0  324  ml  *»,  ^22  732  8  rrm; 

'z  d  <58  fcO  j9  79  94  Ht;51  C,38,  •-•8  87  8  80.  C.jri  C  ale  elated  <50.  C  7d  90  ‘i  C  62,  '-9  21 

Tre  corr  hi-  td  i  enr.  n  ethtPol  sol  itions  obtained  after  sepi+ratior  a'.d  washi'g  of  p  ecipi*ate  A  with  a 
tcril  vol  me  of  3  ;«•  ml  4-e  ic'dihed  wnih  .5  ppi  1  alcoholic  solution  oi  HCl  **d  peciuitated  with  40  g  of  10^ 

ih  onoac  io’.ti,')  of  .m  cblo*ide  Afte'  additiO"  of  ti  e  third  of  the  plu'injn*  cr'lO'ide  tne  soljtio*  is  de 
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4  .322  mg  AgC  1  10  915  mg  substarice  2  400  mg  ’esid’.-e  »frr*  ignitio* 


il  mrr> 

0  1200  g 


avpit  i'».e  u  ‘f  idvi  9(metr.vi  UetciiC)  f'vstallizing  with  two  molecules  of  wa»e:  Cl  Calcj 

40  a3  -*  3  18  3  15  Cl  23  05.  Pt  21  98.  volatiles  4.05 

Tr  fdlJwT.g  -t  s,  IS  me  tU.mei  ary  d^MV-is  we-c  ohramed  afic*  d.'ving  in  a  t.,be  rype  Oesiccato’  over  P,C\ 


3.628  mg  lubjCKscfc;  i.eie  mg  CO;;  0.99?  irg  rijO.  4.090  irg  Sub$t*’:.re.4  J92  mg /gCl.  14.130  mg 

substance:  3  205  mg  .^esJdue  afic’  ignition  Found  %.  C  42.1^:  H  3.07s  Cl  25.35>  P;  22.67. 

Calculated  c  42  24,  H  2  84;  Cl  24.97;  Pi  22.91. 

On  adding  an  alcoholic  solution  of  picric  acid  to  the  methanol  solution  prepared  after  separation  of  predpi" 
tate  A  and  acidified  with  2.1  ml  alcoholic  H6:  solution,  the  picrate  of  acridyl  ^-(methylketone)  comes  down;  this 
iccrystalllzes  from  methanol  in  the  form  of  dark  h*own  (nearly  black)  needles  with  decomposition  point  245*246*. 

2.604  mg  substance:  5.347  mg  CC^i  0,768  mg  HjO.  3.335  mg  liibstarxe:  0.372  ml  (28*.  732.5  mm). 

Found  C  5C.0;  H  3  30;  N  12.19,  CalciUted  ‘Jk.  C  55.99;  H  3  13;  .V  12.45. 

The  free  base  obuined  from  the  plc*ate  with  tie  helo  of  Ivd  oc Wo  ic  arid  has  m.p.  101*103*'  (light  yellow 
needles)  after  recrystallization  from  lig’^olne  (b  p.  50  Iby 

Found‘d:  C  81  78;  H  4.90;  >4  6.74.  CitKr;;ON.  Ca’c.Uted  flt-  C  81.42  H  5.0;  N' 6.34. 

Acrldyl“9-(metbyl  ketone).  prepi*ed  by  Eisleb's  method  [2]  by  £xidvtu*T^of  9<a  ^yd.'Ox>ethyl)-acridlise  with 
chromic  acid  mixture,  also  melts  at  101-103*  and  'Ot  at  109  (ts  eponed  by  Eislec)  vd  does  rot  gi^e  a  dep'cssici. 
in  the  mixed  melting  determination. 

Reaction  of  AcridYl  <9*ui  b*omomethvl  KeTcnq<Kith  Diethylamine  6  g  ac’’idy!b’‘omomethyl  ketone  is  mixed 
with  a  solution  of  9  ml  diethylamine  in  105  ml  d'y  be'ze’c  After  v'  hOj.*'s  botlirg  t^e  riitially  pink  solution  is 
colored  dark -red.  After  keeping  fo'-  40  days  at  room  t^mpe-atu’e,  4  5  g  vdlowish  gee'  p:ecipiti».te  was  obtained, 
consisting  of  a  mixtxe  of  diethylamine  hyd'ob.  omide  and  ac*ido‘''e  (1.7  g;.  Tne  betzene  ^iltrate  was  evaporated 
to  d.’^y'ess  in  vacuum  at  30-35*;  tlie  residue  wis  dissolved  it  2o  ml  cold  methy  ilconsl  and  filtered  from  tbe  small 
amount  of  Insoluble  material,  and  2  1  ir!  of  31*^  r'i'  so^.iion  it  abscl.te  ».-co'v>l  w5s  added  to  tne  fill'ate  Ot. 
surding  this  solution  deposited  a  small  q...a‘tiiy  o*  s  s.bstaxe  wnlc*'  :  > stall ized  indefi'-ltely  aid  had  decomp 
osoition  pomt  192-195"  It  was  rxii  fj  tre’  i.’'vestiga'.'*^d  The  frltrste  f-nir  nnis  solid  was  f  acrio'ally  precipitated 
With  an  alcoholic  solution  of  picric  acid  After  -emoval  of  the  Lnitially  sep^t.ited  resirous  impi-'ities,  the  pic'ate 
was  ’ecrystallizcd  from  methanol.  Lo^g  sni'-sK,Dad  cl  sre~s  of  di.  k  'eed'e'  with  deco.mocsition  poir’i  245  246* 

A  mixed  lest  with  tne  picrate  of  ac’idyl  ‘>-;n-£*.nvl  keto*e  does  'ct  grve  i  demesslo'. 

Foind  ‘S>  C  66  63.  H  3.46  .*v  12  32  C.  n,  C*lc  .ia'tc  n.  55  99.  -  3  13-  -  12  45 

S  R  * 


1.  Treatment  of  9 (dlazoaceiyl;  ac'idi't  witr.  >irrc:i-*c-s  siJvs'  so  tio"  gives  ac  iuyi-9  sceta  • 

mide  Hydrolysis  of  the  latte*  with  hyd  ochlo  ic  acid  o  j'c:—.  r  *  •.-.ii  give;  9  ri etr vl*c..idire  ss  a  •es.it  o^ 
deca'boxylatior  of  the  inie'xreduiely  ♦o'lreo  ,-_c*idy’  9  aceti:  -—.■r  T'^e  »cuo'  a  Urge  excess  o*  sodi.m 
fite  on  ac’idylaceiamldc  ii'  a  mixture  of  sJf-U.  x'C-  »ce'  :  a.r.Q,g'es  -c  iOi'.e  0  c.i.boxylic  »cid. 


2  Reaction  of  9  \dia/.o  acetyl;  ac-idfe  wim  g,:ia.  -.i  -.cio  v  pesi'.e  'J  rornf;  a/.eta'e  -sCitaivst 
gives  acridyl»9 (acctoxymethyl  ke  cxic).  Th  s  !‘’ir’>on  roj  d  '  *  rt-  ^ff*  fed  '  fht  t  y  \  ( ata 

3.  Reaction  of  acTid>l  9  i..  b  oiroii’t-Tho  kf*o  e)  w."  p  p-.  d  cav'  a  cnm pour'd  whrcr  *  Ou’d  "Jt  be  p;*i- 

fied  and  whose  ana Isticat  data  weieciosf  ro 'f'Osc  c  a  c  l.  .t  cd  ‘x  ac’  ds  9  (p  oe‘  dt' oiretn, !  k®  o^ie. i.  Ac'rdorea  d 

acridyl  9  (irethyl  ketone)  were  isola'ed  m  add, h  O' .  ^  ir  .i'  .  r*  '  .“if  ;o  o’ar'd.  9-(w  b  *.ir  rrr'-f  k*'0  e  w  p 

drethylairine  gave  ac'i'Jo-e  and  acriuy'  9(mef.n.  kt  r-' 


I  riR^>  T-  RC  <  T  ED 

[1]  G.  1.  Bf.az  and  T  V.  ‘ortinskaya  *.  ,e-'.  C  heir.  iO  iTSi  ^1910  . 

[2J  O  Eisleb  Medizin  u  Ci.cirie  'Z  4’il936). 

[3]  B.  Howk  and  S.  McElvain  !  Am.  Chen*.  S<x  54  28‘2  il&32l 

[4]  R.  Willstaticf  u  V.  Hot'cn'otli  Per.  37  1775  (Ur04;. 

[6]  E.  Ullir.m'’ u  R.  Schwade’ed  f-e-.  22  1318  ^ lbS9.  (  .  Scron*  ' *  a  559  22  (1948'. 

[6]  a)  F.  K'ohnke  u  h.  Tiinrlc',  ffc*.  09  t)l4  (r33tj,  bi  R.  >  ad*,  .“a  *  .Da.  .h 

c)  M.  Mewinann  /.  An'.  Cben’.^oc..  .3  4.^93  (1951>. 

[7]  K  Lehn-stedt  u  E  Wiin  Hr.  Cl  2047  (1928). 


Received  .une  23,  19{)2 


S  >dPi;o'-  k'dzi  r  ->•  Sc  en*  ^  c  R-sea'<f 
.'S',  'j'e  of  *ha’iracej'  ca  Chem  r.'y 


913 


COPLANAhRJTY  of  the  .nitro  group  with  the  benzene 

RING  AND  ITS  INFLUENCE  ON  THE  COLOR  OF  DYES 
A.  I,  Klprlaaov  and  I.  N.  Zhmurova 


The  influence  of  the  nitro  group  on  the  color  of  organic  dyes  is  toand  up  with  its  ability  to  repel  electrons 
from  the  benzene  ring  and  also  from  the  conjugation  chain  of  the  dye.  On  displacement  of  the  electrons  from  the 
benzene  ring  to  the  oxygen  atoms  of  the  nitro  group,  the  bond  between  the  nitrogen  atom  of  the  nitro  gn>up  and 
the  benzene  ring  acquires  the  character  of  a  double  bond.  A  necessary  condition  for  such  a  displacement  of  elec¬ 
trons  is  the  arrangement  of  the  nitro  group  in  the  same  plane  as  the  benzene  ring.*  If  a  voluminous  substituent  is 
introduced  in  the  ortho  position  to  the  nitro  group.  Its  effect  on  light  absorption  most  be  reduced  or  entirely  dis¬ 
appear,  as  actually  occurs  In  ortho-substituted  aromatic  niuo  compounds  which  absorb  in  the  uluaviolei  (2  J  The 
influence  of  ortho-substituents  op  the  auxochromic  activity  of  the  nitro  group  in  the  visible  region  has  not  been  In¬ 
vestigated.  We  uiulertoolt  a  study  of  this  influence  with  reference  to  cyanine  dyes  and  azo  dyes. 

For  this  purpose  we  synthesizeda series offthlacarbocyanines  with  the  general  formula  (1): 


whose  abso'ptlon  maxiira  and  molecular  exunctioits  are  set  forth  in  Table  1  (dyes  1,2.  4.  5  me  listed  for  comparison). 


TABLE  1 
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R 

Rf 

l^max. 

1  in  mu 
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1 

H 

”  1 

C,Hj 
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558 

IC.o 

2  ! 

H 

CH, 

5  €5 

14.0 

3 

H 

CH. 

5C5 

15.0 

4 

H 

CH. 

565 

14.4 

5 

\o^ 

H 

CiHj 

584 

13.7 

e 

NO^ 

CH, 

C.,Hj 

582 

16.8 

n 

NO, 

C,.H5 

CH. 

5S0 

1G.& 

8 

NO. 

C(CHv5 

C,  Hj  1 

67U 

1  C  3 

Introduction  cf  a  methyl  group  in  the 
oriho-position  to  the  riro  group  ('■)  Jurdly 
clianges  the  absorption  curve  The  ethyl 
group  also  has  liule  effect  o”  the  color  of  the 
nitro  dye  (7)  *iut  the  volinnlnoui  tertiary  butyl  group  almost 
nitro  g'Oup.  the  abuJrpjion  maximum  of  dye  8  is  siiified  into 
•1  which  docs  not  contain  a  nitro  g’Oup. 


The  absorption  curves  of  dyes  1.  5,  6,  7,  and  8  are  plotted 


Figure  1 


compietely  cliniL'i-ites  Lhc  auxochromic  activity  of  the 
Uie  long  wave  regio"'  by  mp  in  com.rvi' iso'’  with  dye 


The  same  is  observed  with  azo  dyes.  We  syTithesu-ed  three  dves  with  the  gene-al  fo^rrMila  (II)  and  detetrrined 
ih^ir  absorption  maxima  and  niDlerular  cxtifctioiis  (Table  2).  The  abso’piion  curves  of  these  compounds  are  plotted 

In  FiA  2. 


•  Thu  problem  is  considered  in  raoro  detail  in  a  paper  by  one  of  us  on  ibe  copLana'ity  of  the  dimethylamino  group 
with  the  benzene  ring  D1 
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(CH^^N 


•N=N 


H 


We  see  ft)ir  Table  2  and  Fig  2  that  one  methyl  group  In  the 
onho  position  to  the  nit^o  group  has  linle  effect  on  the  absorp¬ 
tion  maximum  and  the  shape  of  the  absorption  curve  (10).  The 
i^foduction  of  a  methyl  group  in  the  second  oitho-position, 
however,  causes  the  maximum  to  shift  by  32  mp  in  the  short- 
v*ve  direction  (11). 

It  is  interesting  that  in  both  the  cyanine  and  the  azo 
dyes  the  introduction  of  substltuenu  In  the  orthoposition  to 
tht  oitro  g^’oup  mainly  affects  the  absorption  maximum  of  the 
dye  and  has  little  effect  on  the  intensity  of  absorption. 


F  igu.re  2 


TABLE  2 


TABLE  3 


In  previous  communications  (3^41 
we  showed  that  the  methyl  group  has  a 
strong  influence  on  the  auxochromic  activ¬ 
ity  of  the  dtmethylamlno  group.  On  the 
mtro  group  the  methyl  group  has  either  no 
effect  at  all  or  a  very  weak  one.  An  ap-- 
precia-ble  effect  is  manifested  only  by  the 
tertiary  butyl  group  o»  by  two  methyl 
groups.  This  was  to  be  expected  because 

the  mtro  goup  occup’es  a  smaller  volume  than  the  dimethylamino  group,*  arid  is  therefore  expose-i  to  a  lesser 
degree  to  the  action  of ’’  e  rdjacent  substituents. 

In  Table  3  #/e  set  fo’th  the  abso.’ption  maxima  and  molecular  extinctions  cf  dyes  12  and  13. 


No  of 
dye 

- 1 

R  1 

R- 
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(in  mp) 

€•  lO*'* 

No.  of 
dye 

^max. 

(in  mp) 

o 

9  ' 

H 

H 
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3.2 

9 

4/6 

3  2 

10  ! 

H 

CH. 

460 

3.2 

12 
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2.2 

11 

|c.H. 

C.H, 

443 

3.1 

13 

418 

3.5 

CH. 


CHj 


/ 


-•'O,  (12) 


'CH, 


As  was  aJro  to  be  expected,  the  least  displacement  of 
the  maxamum  is  observed  .n  me  case  of  dye  13  in  which  both 
of  rht  auxoch’omes  —  the  d:me'.hylarr>i'0  a'd  rre  ■  ii'o  gto.p  — 
are  moved  out  of  the  pla’'e  tr;e  moire  .ie 

T.'iC  s>'T^‘tr(Csis  o^  H  e  bases  tcquiied  for  the  preparation  of  dyes  with  the  general  fo'.mula  (I)  “*2  5  dimcinyl'^ 
ir’cbe''zomiaacle  ^IP)  a'<d  2  methyl-.Vteri. butyl -C-nifobcnzoihiazoIe  ^IV)  — 

] —  S 


\o - 

r 


- S 


\ 


■H, 

(IV) 

'■i<s  bee"  dts:  ihed  peviOisly  (3J  2-Methyl  o  cihyI-f>-*i:*’obenzo!hiazole  (V)  was  prepared  by  the  iollowjrg  *o.»e 
C.Hi 


/ 


/ 


/n 

v- 


/V 


NO, 


C,H^ 


J 


C.H,' 


t  J 

y-NO, 


nhCCV.h.  n^COCH, 

T.iC  ef:eciive  radius  of  the  methyl  group  is  2A,  that  of  the  oxygen  atom  is  1.4 A  [5]. 
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Nitration  of  2'fnethyl-6'«thylben20thiazole  gUves  two  nluo  products:  one  with  m.p.  100-102*  and  the  second 
wiU;  m.p.  ^1-9G  .  The  qimemiTr  salt  prepared  from  the  nitro  product  with  m.p.  100-102*  gives  with  ethyl  ortho¬ 
formate  a  nitroihiicarbocyd.T’ir.e  with  an  absorption  maximum  of  580  mp,  reduction  of  which  with  tin  chloride  gives 
an  aminothiacaiba  vanine  with  an  absorption  maximum  of  590  mp.  On  the  basis  of  the  considerations  expounded  in 
one  of  the  previous  papeTs  [31  we  assigr  stricture  (V)  to  the  compo*i!y)  with  m.p.  100-102*.  The  nitro  product  with 
m.p.  94-96*  Is  probably  2-mcthyM-nit:o-b-ethylbcT^*iilazolc. 

From  die  qaatemanr  sslts  of  bases  (UI  to  V)  were  p-epa*ed  dyes  6,  7  aiui  8;  from  true  quaternary  salt  of  2- 
methyl-5-ethylbenzothiazole  w3$  prepared  dye  3. 

EXPERlWiF  VT  AL 


Intermediate  Products 

2-Methyl^-ethylbenzothiazole.  33  g  3  »u’ro-4-bromoer.h'yibe"ze’'£  ['■]  was  dissolved  ic  70  ml  alcohol:  axkLi-- 
tion  was  made  of  a  hot  mixture  of  19  g  c'ysralUne  sodirm  sulfite  2  8  g  soifur  and  20  ml  alcohol.  The  mixture  was 
boiled  for  2  hoorv  2,2'-Diniiro-4  •i‘-diethyldipr>e"yldist;lfi<ie  came  down  in  the  form  of  ao  oil  whi«:h  later  ciystaliized. 

’ild  21.5  g  21.5  g  disulfide  was  rrlxed  with  120  ml  glacul  acetic  acid.  Gradual  addition  was  made,  with  energetic 
-»-r:ing,  of  42  g  zinc  dust  and  90  ml  co?£  hCl  Stlrtin.g  was  continued  for  another  hour:  the  solution  was  filtered,  di¬ 
luted  with  water  ard  saturated  with  sodium  acetate.  The  white  p'ecipiute  of  zinc  me^'captlde  was  filteied  and  dried 
The  17.5  g  of  meTcaptide  was  Seated  fo’  2  hoscs  with  ar  excess  of  acetic  anhyd’ide.  Water  was  added  to  the  solutiorti 
the  mixture  was  gently  heated  fo’^  decompQsit.on  of  the  excess  of  acetic  anhydride  and  made  alkaline.  The  2-ii)ethyl-- 
6*cihylbepzothiazoie  separated  in  the  fo'm  oi  an  oil  and  was  extracted  with  benzene  and  distilled  In  vacuum.  Yield 
10  g  or  59%;  calculated  on  the  me'captide 

Fic’aic.  yellcw  needles  (^frorr  .-Icohol).  m  p.  165  1C7\» 

Foi-nd%;  ^  13  35  13  51  C  ,fri;^<S  Nj.  rjicui-ued -To;  ^  13  79. 

•  Methiodide  colo'ie^  lab.ets  aiconol;  m.p.  199-201''. 

Found  %:  139.95  40.01  Calcola'ed  %;  1  39  81 


2  Methyl  5  ethyl  6--»itrober.^?ihuzole  6  g  2-n'etnyl- o-ethylbe*- zoUiiazole  was  aoded  d’opwise  witP  tivir.g 
to  a  mixture  of  1  8  ml  H'^O.  (s  g  1  4i  and  12  ml  cdnceni'aied  H,SO^  Thie  mixture  was  Uien  siir-ed  for  20  rplnur^s  o.** 
t^e  wa’£r  bath  ai’-d  pou’ed  o'.'o  ice  Tiie  soildtfied  ’'ivop’Odurt  was  filte'td  dissoUed  by  r-t.iting  in  cprce’fvtcd  w/;; 
3nd  filtered  f'Oir  i’isoloble  'esinc,..s  urDv'.tics  The  c'yst»l]'.r'e  r.if  -j  o-oduct  came  down  wnen  the  flit* ate  was  d3  .-’ed 
w.ih  wate-  V’.eld  of  c-ufle  p’od.ct  4  g  m  d.  70  72'  fiepeated  c’yst^Hizat'.on  f-om  akonol  ga'^e  0  9g  niP.o  p'od.^.ct 
with  rr.p.  1  uO  102'  The  d  pcuci  isoL'r'cd  f-err-  toe  alcoholic  motr>e'  liquo  -^as  dissolved  in  concertr.ated 
t.he  solution  was  d’J  .-ed  wr*-  ao-.bic  ’^he  amo-j'’t  of  wete’  ic-a  me  mce  pi'-^te  was  filtered  tne  p.vid.ct .  cmaici-ig  i". 
kricuon  was  separated  by  tic^v y  tiilution  wnli  ws’c  rv  ',.n  e’ous  'epctitjons  of  ;h.vs  p  oecd-ce  i*  was  possible  to 't 
tfte  product  koir  the  inome’  liquo’  mto  two  ^’actiO's  wim  rr.  p.  100-102'  (U.G  g_)  ar<d  witn  m.p.  94  96" (0.6  g).  I’*  tv, 
manner  1.5  g  nJt'o  p'Cd.uct  wur  m  p  100-102’  .a-'d  0-'  g  wif  m.p  O-I  56  we-e  iscl.i'.ed  ^  rn'xiu'e  of  both  p’er/irit'o.r. 
melts  at  74-76*  Tc  the  nu-o  p-oo-.c'  wff.  ir.P  100  102  we  -issig'-cp  u.e  st-tv*_'e  of  2  meinri  5  ethyl  6  tii’obe.nz's'r.i.a 
zo]e.  to  the  nci'-j  p-odurt  wm  rr  o  94-96*  f'te  sf  sC'-.. e  cf  i  metr.yl  4  ^:^t:o  5  ethviber.zothiazole. 

The  6  '"ifo  isoipC’  ‘•oenq  %  *v  12,53  '2  7ri  f  *6  jO. S  C  ak-.<Uied  %  12.61 


D  V  e  s 


5is  [3  m ethyl  5  ctrylrv- n not nu z-C‘ie j^2^2 
.sole  methiodide  G.3ge’hu  o^rofo'i?  s'c  : -d  3  ml  r-y  c  bo.lc-j  * 

reedles)  was  filte’ed  wished  w.r  hoi  ilcohol  an-,:  (j”.-rO  r.  i'bo'Joc 


-3e  (3i.  0  3?  2  methyl  5tlhylbenzolPt.a 

y  30m:  .u'ns  Thr  p.ecipitaicd  dyc  (g’«!f..ssn 
-  ie.U  0  12  g  0'  of  tne  tnoo'etic  al. 


Foond  %.  124  07.  24  1.  C...K,vS,J  Ca’c  1>!''0  %  *-2l,4; 


•  Ail  the  melting  and  boiling  points  4i  tnis  p^wt*  Pave  been  .-  i’~ec'e4. 
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P^tbyl-SiDCthyl  'e-^^it^obenz-othUzole  f2)}-giinethinecv*nLne-iKoluene5ulforate  (6).  0.2  g  2,5-<iiiiicthyl- 
6  -i>JLrote'»iOthli20le  *'.d  0  2  g  ethyl  p^oluenesulfoiute  were  heated  for  4  hours  at  lCO-170*.  The  solidifying  dark  mass 
WAS  disssived  l»'  ware:  and  boiled  several  times  with  carbon  until  perfecUy  colorless.  The  solution  wfs  evaporated  to 
d'ye  ess.  Meld  of  salt  0. 15  g  or  42.5^  of  the  theoretical. 

0.1  g  of  the  quAterrary  salt  was  boiled  for  20  minutes  with  0.1  g  ethyl  orthofo'roate  in  pyridine.  The  dye  was 
P'eclpiuted  by  ethe»^,  filtered  and  recrysullized  from  alcohol.  Green  tableu  with  a  metallic  luster,  m.p.  267-268* 
with  decomposition  >ield  0.035  g  or  47^  of  the  theoretical. 

Found  N  8.40,  8.60.  Cj*H^4N^S^  Calculated  N  8.56. 

fis TSsrethvl^ethyl-C  nltrobenzothiazole  (2lHrimethinecvanine  methosulfate  (7).  0.2  g  2-raethyl-5-ethyl- 

6-nit!oberzothi#zole  a-d  0  12  g  diroethylsulfatc  were  heated  for  2  hours  at  100*.  The  resulunt  methosulfate  was 
boiled  for  30  mnates  in  pyridine  with  0.3  g  ethyl  orthoform aie.  Ihe  preclpluted  dye  was  filtered,  washed  with  hot 
Alcohol  and  dried  field  0.12  g  (30^).  Violet  needles,  m.p.  above  300*. 

Found  ‘Jb.  N  9.26,  9.30.  Calculated  <>».  N  9.43. 

£is  rS-ethyi'S-te^t  butyl- G-nltrobenzothiazole  (2)j-trimethinecyanine-p-toluene-sulfonate  (8).  0.2  g  2-niethyl- 

5Hen.  butyl-6-nicoben20th.azole  and  0.2  g  ethyl  p-toluenesulfonaie  were  heatea  for  an  hour  to  150-160*.  The  formed 
crysuls  were  washed  with  benzene  and  dried.  Yield  of  quaternary  salt  0.3  g  or  75^  of  the  thto.reticsa.  0.2  g  salt  was 
boJed  in  py-idi.ne  with  0.2  g  ethyl  orthofoimate  for  20  minutes.  The  dye  was  pre.ipiated  with  ether,  filtered  and  re- 
C'ysullized  f*otr  alco*^*ol.  Green  needles,  m  p.  277*  with  decomposition  Yield  0.11  go?  f>9>  of  the  theoretical. 

Gland'S.  >  7  45,  7  30.  C^H^iOjN^S,  Calculated ‘5k  N  7.5£. 

4  Drirethylamino  3  rnethyl-4'-nJtJoazobenzene.  0.4  g  3-methyl-4-nlt;oanlline  [7]  was  dlazotized  and  added 
TO  £  cooicc  vjl.f.on  o‘  G  4  g  dimeihylAniline  m  dilute  hydrochloric  acid.  After  a  few  hours,  the  dye  was  filtered, 
dissolved  witr.  heAii'ig  i?  sforg  HCl,  filtered  from  insoluble  impurities  and  precipitated  with  araroonia.  Yield  of 
c.'iide  dye  0.3  g  (4C^).  P.?if.cAticn  was  effected  by  chromatography  of  benzene  solution  on  alumina.  After  chroma- 
tegMp'-.y  dye  w?3  ob^.^'-ed  in  vte  cfysAllire  state  with  m.p  160*.  It  was  recrystallized  from  benzene  as  brown 
-eedles  rr  p  16o-lt'2 

f'D.-.d**  ‘-I9t'4  19  Calculated ‘ik.  N  19  72. 

4  0:n~e*.hyl;rr:'tc  .3  5  -d:rpet>‘yi--:  -^moazobenzene  (11>.  0.3  g  3,5-dirnt:hyl-‘‘-'nit:oaniiine  [8]  was  diazo- 

lized  a-d  odeed  to  a  cooled  solution  of  0  3  g  cimethylanilmc  in  dilute  HCl.  After  a  few  mLnutes  addition  was  made 
of  2  g  sodi.rr  -.ceta'e  The  p'eciDiuied  dye  was  filtered  and  crysullized  fiom  alcoliol.  Red  needles,  m.p.  17C-178*. 
•icid  0  3  g  0  of  the  theo’eticiJ 

^  18  39  18  82  Calculated N  18.79. 

3  3  5  -TriiT’ethyl  4<3irpeinyIamino--'-nitjozobenzene  (13).  0.3  g  S.S-diipethyl-^-nit'oaniline  was  diAzotized 

■>-'i  -iOifcT  ’0  i  coOiCc  rri>''L''e  of  C  3  g  diinethyl o-ioluidine.  5  ml  alcohol  ard  2  g  c'ysuliine  sodium  Acetate.  The 
dye  wss  filte’ei  *'a  c'vsiillized  f'om  Alcohol  Yield  0.25  g  (4';‘5k).  Orange  needles,  m  p.  112-114*. 

*.  1?  02  18  24  C,,4.,0,\  C.aiculated  N  17  95. 

SUl/MARY 

1  sTjCv  W-.S  made  of  the  effect  of  stenc  hind'ance  on  the  au.xochromic  activity  of  the  oicogroup  in  c-yaoine 
d'.e'  a 'U  szo  dyes  co-in.-iirg  it o  groups. 

2  U  w;s  established  that  methyl  and  ethyl  groups  In  the  oriho-pos.tlon  to  tlie  nitro  g'ouo  weakly  ipflucrec  the 

shsc'p'iO'"  T''-e  iHO  e  sol  .irlncus  te'tiary  butyl  g'oup  completely  suppresses  tlie  au-xoch^omic  activity  of  tne 

'ifo  g'c.p  T**c  rr'et''yl  g'Oups  in  the  o’'iho  position  to  iiic  nito  g’Oiip  have  an  influence  similar  to  tn.it  of  the 
re-tii-v  b'jryl  g'Oi.p 
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INVESTIGATION  Of  THE  ALKALOIDS  OF  LEONTICE  EWERSMANNII  BGE 

L  A  NEW  ALKALOID  TASPINE  AND  THE  ALKALOID  ISOLEONFINE, 

PREPARATION  OF  LEONTIDANE  AND  ISOLEONTANE 

T.  F.  Platonova,  A.  D.  K uzov kov  ^ud  p,  s.  Massagetov 


“Loontlk*  or  Liot-'s  tail  (Leontlce  Ewe^smannii  Bge)  belongs  to  the  fairily  of  the  ^erberldacea  In¬ 
digenous  to  Soviet  Certial  Asia,  tan  and  Afghanistan  The  presence  of  alkaloids  Li  the  plar.t  was  first 
established  by  P.  S.  Massagetov  in  1M6  [1],  The  study  of  the  alkaloids  was  commenced  by  A.  P.  Otekbov  and 
R.  A,  Konovalova  (2].  In  1932  they  reponed  the  isolation  tom  the  plant  of  three  alkaloids;  leontamkve, 
leontidipe,  and  a  third  s.bsunce  Lr  the  fcrm  of  its  pic*ate  with  m.p.  n'l  lSO*.  Of  these  three  alkaloids,  only 
the  composition  of  leonramLne  was  esublbhed,  and  the  formula  was  assigned  to  it.  The  investigation 

was  coniLnued  by  S.  Yu  Yud4>sov  and  L  G  Soroxioa  p]  who  obtained  a  new  alkaloid,  leontiric,  with  the  com¬ 
position  CjjH,,ONj:  for  leontidi»yr  they  pfopo>ed  the  formula  CjjHj|ONj  and  they  obtained  more  accurate  values 
fo'  the  constants  of  the  base  its  salts.  The  authors  also  isolated  the  alkaloids  pachycarpine  and  lupanine 
from  the  plant 

The  availability  of  the  wild-g'-owing  lion's  tail  and  its  high  content  of  organic  bases  prompted  us  to 
return  to  the  study  of  the  alkaloids  of  this  plant  from  the  above  -gouno  parts,  gathered  during  the  nowerlng  period  and 
containing  a  total  of  0  77^  alk-loids.  we  isolated  leoniidir»e  (0.13^)  pacftycarpine  (0  02^)  and  Ll'.panite  (0  003^). 
These  alkaloids  had  p'eviOvslv  beer.  fo..,»ici  rr  Uie  nii’t  fractional  disullatjon  in  vacuum  gave  a  base  whose  boiling  and 
meltirg  points  we’e  close  to  ihose  of  leorti-e  a<<i  wtin  the  ume  composition.  The  melting  poi.-it  of  the  metboiodide 
and  pe.fchJo^ate  also  apr^ea  ed  to  tonfi  rr  tne  idc-tity  between  oj.-  isolated  base  and  ieontine.  This  ass-rmption  had  to 
be  rejected  howcve*  afte*  O'.'  base  was  to  bC'^rticaUv  active.  Having  been  unable  so  far  to  estabbsh  w’bether  rhis 

substance  is  an  opric.alK  active  form  o‘  leonnne  or  a  new  alkaloid,  we  propose  for  it  ’^he  name  ol  ;so-eoiune.  The  con¬ 
stants  of  Lecnune  and  isoleontjre  are  coirpa'ed  .n  Table  1. 

TABLE  1 


1 

j  ^  p 

S  jT*. 

Herchloiate  j 
m  p  1 

I  Metbiodide 
i  m.p. 

j  Pic ’ate 
!  T  P- 

Lfconiine  CnH^^O.N,  1 103-104* 

J 

195-2  Go*  i 

(”  n-.m)  j 

...  .  _  1 

»•  i 

232^  j 

1 

1 2  90-292* 

!  ” 

! 

Isoleontine  C^jH^^ONj  !  107-108 

J 75-190  I 

(3  m.m)  , 

i 

-78  2 

262  1 

1  297 

:  177179' 

1 

*  BoiUng  point  of  rne  f-at'io'  f  otr  wOich  •■^-e  ba.s^  was  •so,ar^>'' 

The  spec  in'cn  of  the  plant  mat  wc  m-vestigated  conrairvea.  "  G3'/o  IsoieonU'c  Ii  shuoid  £>e  rv~:ec  that  the  m-eltiig 
point  of  isoleontine  picMte  ag'ecs  with  Uiat  of  me  pu  are  p'^ep.i-ec  by  O-e^nov  wd  »  .''■ov-iiO'.a  i-  trie  first  investigation 
of  the  plant  isolecnti'e  was  ev  idcr.tly  also  obra.ned  fo?  the  first  tim.e  by  the  cited  au’ro's  ir  ’he  fern  of  its  pic’ate. 

In  addition  to  itie  fo,*  bases  mentioned  abo\e  we  also  isolated  »n  alkaloid  which  differed  ma'sedly  f’-om  the 
other  alkaloids  of  this  plant  by  viitur  of  ine  insolubility  m  water  of  the  s<lfate  hydoc hlonde  a^d  otre*  salts  with  L-.orga*. 
acios  The  base*  mcit'-  dti  oirp  >  370'  ’he  substance  is  insoluble  in  water  a-d  sol.uon.s  of  caistic  alkalies, 
soluble  in  chlwolorm  and  dichlo'octhane  it  is  optically  ine»clive.  Tr*e  coii'tositio”  of  me  bast  co-'>pc'ds  to  the 
fo’mula  The  sulfate  tias  the  composilion  o  oH. SO,  ’vO  i*  c'>?allizes  i’orr-  a  la*ge  quantity 

of  hot  watei  (1  4u'0)  Ln  the  fo*ir  of  thi*  white  needles  melting  at  3('0*  T^e  :onta;rs  two  Treir-oxyl  one 

n’C’hyL  '^ediovy  and  two  metliyl  g'Oups  linked  to  nit*oger  It  fyrns  a  crystalline  metr»oit>j'vle  'I  HJ  t%0 

The  nitrogen  atom  ^  evidently  ’e'tiary  and  in  an  open  chain  All  of  the  stated  p  Cf^rties  show  that  the  w.kaloid 
is  a  new  orvr,  and  we  ihe:efo  c  pfopo-e  for  it  the  name  of  taspite  (from  the  Vzbev  n.dme  “taspi''  fo*  lion  s  tail). 

Alkaltre  hydrolysis  of  taspine  gave  an  amino  acid  with  tlie  composition  1\0  Its  fo’miliCP  oot  involving 

•  C^ystalkiZ^-d  f*om  'ol'.ene;  fo-'r'  — i  gn’  vi.llow  reedles 
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a  cha'ige  In  the  r»jjrbcr  of  caibon  atoms  in  the  molecule,  points  to  the  presence  of  a  lactone  j^rouP;  and  this  is  con* 
frmed  by  t!a’!sfo:m.atlon  of  the  amino  acid  into  taspine  sulfate  when  heated  with  dilute  sulfuric  acid,  tti  the 
basis  of  the  whole  of  the  foregoing  data.,  the  fotmula  of  taspine  may  be  written  out  in  the  following  focn 
C^v.«(OC  H,MCH,(V(COP)N(CHj),. 

t  appjoaching  the  investigation  of  the  structuie  of  the  alkaloids  isoieontine  and  leontldinc,  we  decided  that 
we  must  sta*t  by  establishing  the  character  of  the  oxygen  fiee,  sarurated  heterocyclic  substances  forming  the  basis  of 
tnese  ilValoids  ard  we  thetefo’c  aimed  at  securirg  expe»'imental  data  that  would  confirm  o»  disprove  the  statement 
[3]  tu*  tre  basis  of  the  alkaloids  of  lion's  tall  is  the  pachycarplne  nucleus,  and  that  these  alkaloids  differ  from  each 
oCc'  n  respect  to  the  arangemem  of  the  caibonyl  group,  to  the  presence  of  double  bonds  and  to  the  spatial  stnic- 

Ln  o'dc’  to  obtain  such  an  Oxygen-free  saturated  compound  from  leontidine.  it  was  necessary  to  reduce  the  ca<i>onyl 
g’o.p  and  the  two  double  bonds,  this  was  accomplished  by  catalytic  reduction  of  the  alkaloid  with  platinum  catalyst  in 
a  t-ydrochloric  acid  medium  In  conditions  similar  to  those  for  the  reduction  of  the  alkaloid  theiroopsine  to  n^lsospan^ 
tcir-e  [4l 

We  w(r».ed  with  leontidine  with  m  p.  118-119*and  [a 3^ -192.2*.  prepared  from  the  hydrochloride  with  m.p. 

293*  These  constants  are  Ln  accord  with  those  in  the  literature.  Redaction  of  leontidine  was  accompanied  by  ab¬ 
sorption  of  4  2  nv)les  hyd’ogen.  A  liquid,  optically  active  base  was  obtained  which  formed  well-cry stalllzcd  salts: 
^ro■c^yd’'Oiodide  sjifate  dihyd'oiodide.  perchlorate,  Tne  substance  does  not  contain  primary  or  secondary  nitrogen 
jtoms  and  does  ’Ot  chi'ge  under  the  action  of  nJDOus  acid.  Numerous  analyses  of  the  base  and  its  salts  showed  that 
Its  r  oironsniOT  co-espo’'ds  to  the  fo'mula  and  not  to  as  would  have  been  expected  on  the  assump- 

tlo*'  tnat  tne  fo'ir.la  of  leontidine  was  C^HjiON*.  In  spite  of  the  closeness  of  the  analytic  al  values  for  the  possible 
fo*rr,ltfS  ve  a-'aljoes  snow  corclusively  that  leontidine  has  a  composition  cor:responding  to  the  fo»’mula 
All  t-ne  inilyticil  data  *'c  set  forth  in  Table  2  We  see  f»oin  this  table  that  not  ore  of  the  resjlts  of  aiulysis 
co.-fidicts  tne  fo-mula  for  leontidine  or  the  formula  C14HJ.4N1  for  the  product  of  Its  hydrogenation,  apart 

f  otr  w.hirn  a  series  of  analyses  L'  mconsiaent  with  tlie  formulas  Cijl^|ON|  and 

•'* o  ••seq-.enrly  leo^  udJne  ca'"j'Ot  be  a  member  of  the  sparteine  g’Oupof  alkaloids  the  oxyge't  f'ee  saturated 
s  bsta'te  0  <  wr.:cri  It  is  based  fo*  v'fiich  we  propose  thr.  naa-e  ’eovida-e,  n  a  bomolog  of  spa*telnc  and  differs 
f  orr  ^atte  it  tne  iretniene  group  U  may  bt  suggested  that  the  moiecule  of  leo.nuda-'e  conta-ns  3  six'rr>embe*ed 
'I'-gs  f  ve  membe  ed  ’irg  We  sugges’  that  the  establisJiment  of  the  composition  fo'  leontidine 

oxe  rro'e  rn  ows  doubt  or  *ne  hype^rrf^ses  (based  qpJv  0*^  a-'alogy)  of  some  investigators  [3]  tnat  ieortArrlr«  must  in 
co-seq. enre  of  its  occ,*  'e-ce  joinrly  with  pac nyca-pirie  possess  the  romposition  snd  no’  .S,  **  was 

esTsblisr/eo  by  a  P  Oesnov  and  R  A  konovalova 

‘■'y  tne  o  rvose  of  obi?t"irg  *hc  oxygen  ircc  sar-rated  si^eleton  01  isoleorrinf  it  wis  'ece-«.si-y  to  -edxe  the 
c->’bo'yi  g  Oup  to  n*?r  \ e,  <>r  e » penmen’s  showed  that  this  is  easilv  accomplished  by '•at-lv’ir  ’edocrion  of 
i-o;ce*n'e  witn  pi,»in,m  r;t,iys!  m  a  nyd'ochlonc  acid  medium  Apsn  f’orr  ’he  above  me^tio-ed  ’etioctio.r  of 
tre  r'  bo'yi  g  o.p  of  ’  -c  mopsinc  me  I.ietaiu’e  coritans  othe*  exuirpies  of  catalytic  ederrion  of  ca*bO’.yl  g’0*»ps 
it  e  [5]  W'e  v.“'e  rsblc  ho^-cver  to  f.r»d  ^ny  examples  of  reduction  by  this  method  of  ca  bo^yl  g’Oyps 

!  si'  .  •'•eo  fuirpojfds  Cats.y’ic  ’td.cT.on  of  iNihcour.'.:-  witti  platinum  catalyst  m  j  hyd’OC'rlo'ic  acid  medium 
'PS. .no  I'  obso  n'iO'-  of  1  0  n  olcs  tiyd’open  A  c’vs’allu'c  optically  act.ve  base  was  ob’^med  wricli  did  ^ot  con’ain 

y  'i’’OgC'.  aiorrs  fne  sub'tirce  d.ffc's  ftom  knowr>  compounds  of  ihe  same  cnmtx>s;*ion  and  we  ’hc’efo'e 
p-ODn<i-  fo-  i'  inc  'erne  of  ,soleon’.ar'e  Isolc-orttane  is  an  isomer  of  spu’teine.  it  remains  fo’  fc-ther  *eses’ch  to 
dec'-i-e  ^*he*nei  ‘nc  d.ffe  e  ce  between  these  coinjaoc'Hjs  depends  on  stx-'eoisomcrism  o’  on  a  mo’C  p'ofO'i'*d 
sr  .cT . 'il  diffc'C’ce 


E  X  P  E  R  t  Ki  F  N  T  A  L 


1  '.’3  i-g  .1  d-y  pjlve-ized  above  gtound  parts  of  the  plant  we.e  wetted  with  lo’^t  ammo’ la  sob^tic’  and  ex 
’»  .$•  vely  ex’  ,c’ed  w/r  ctcrdo  oetr-a'ie  The  dichloiocMhane  solution  was  shaken  with  svlfxlc  aetd  solution 
Tasp.-e  s  Ifite  c  .me  cowr.  ,,  t’c  (o  ,m  of  a  pey  precipiute  This  was  filtered  wasl*ed  with  wate'  *rrd  crys’allized  f’om 
q.;CO,s  arettc  icrd  (1  150)  The  first  c’vfialUzation  gave  208  g  taspine  sulfate  (0  18*?c  of  the  weight  of  tne  plant) 
a  d  .  e  secor-d  c 'ys’ailizinpn  j^ve  233  g  The  fijic’ed  acid  extiact  (after  sepaiauon  of  the  taspine  sjlfate),  with  ice 
ccx.-::  g  was  made  alksime  wftp  ammonia  solution  a^d  exhaustively  extracted  with  chlo  oform  Tire  chlo  ofo’m 
was  c  ive  off  leavL  g  ,  CMdue  of  850  g  total  bases  (0  50*50  of  the  weight  of  the  plajit;  In  the  fo'm  of  a  dark  brown  oil. 
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TABLE  2 


I 

Leontidine  k*—  !  of  hydrogenation  of  leontldlae 


1  Base  1 

i  1 

Hydioiodide 

1 

!  c 

H 

N 

M 

C 

H 

N 

1  I 

CuH,/>N, 

Calculated  ^ 

73.71  1 

1 

1  8.29 

1 

11  46 

244.4 

Calculated  ^  | 

I  76.85 

11.18 

11.95 

51.78 

1 

Calculated  ^  ; 

73.04 

7.88 

,  12.17 

230.02 

Calculated  ^ 

76.32 

10.98 

12.72 

53.3 

Found  ^  ] 

1  72.73,. 

7.71, 

.  11.82, 

231.4, 

Found 

75.91, 

11.02; 

13.04- 

53.84, 

1 

1 

1  73.12, 

•  7.92, 

11.78; 

229.8, 

i 

i  75.91, 

10.88, 

12.96. 

53.95 

:  72.62 

■  8.11 

1  75.67, 

10.56, 

13.12 

75.56 

10.92 

i 

Isolation  of  the  alkaloids,  830  g  total  alkaloids  was  dissolved  in  500  ml  acetone  and  acidified  with  an  al¬ 
coholic  solution  of  HCl  until  weakly  acid  to  congo.  The  crysiaJJlne  hydrochloiide  of  leontidine  (270  g)  was 
thus  precipitated  Crystallization  fiom  alcohol  gave  198  g  leontidine  hydrochloride  with  a  light-^Uow  color, 
rp.p  293®  The  organic  solvent  was  distilled  off  from  the  hydrocnioiic  acid  mother  liquors  after  precipitation 
and  crystallizatio’’  of  leortidlne  hydrocnlo'ide.  a^-d  then  tt^e  total  bases  were  separated  (500  g).  These  total 
alkaloids  were  subjected  to  fractional  dutillatiori  in  vacuum  at  3  mm;  th’ee  repetitions  of  this  process  gave  the 
following  tactions-  !)  b.o  120-150*  (35  5g),  a  light -brown  oil;  2)  b.p.  171-17-1*  (26  g),  a  yellow  oil,  3)  b.p.  175- 
190*  (126  g),  a  light-yellow  oil,  4)  b  p  191  215'  (43  g;,  a  vise ous,  greenish-yellow  oiL 

The  fi’si  fraction  was  once  agin  subjected  to  vacuum  distilaticn.  Two  fractions  wee  collected  it  8  min; 

3  g  with  b  p  l?G-i35''  and  28  g  with  b  p  136-159'  ^;om  the  secor.u  fraction  was  obtair;ed  a  monohydroiodide  by 
dissolving  in  5%  sijlfo.'ic  acid  sob.tion  a'-d  ^<idi<'g  to  ine  solution  (-eutial  to  b’omothymol  blue)  a  saturated  solution 
of  KL  The  D-ecipitated  salt  af'e*  '-’ystallizst.on  f-om  warer  melted  at  233  234'  and  did  no:  give  a  depression  with 
pachycarpine  m onob yd m iodide 

The  secoivl  fractio'-  was  co'  icrted  into  a  mo''onydro;odide  by  the  same  p’ocedu*e  as  above  yield  7.9  g  salt 
witn  m  p  189  199  (afte'  two  c’vs^ailizatlo' >  f*om  water)  and  [a]^“44  4*.  These  coj-‘sia''<ts  ag'ee  with  the  constants  of 
L-iupanine  iponohyd'OiOdidc  F'A,’tre’  conf.rm.'St.o''  was  obt4iV-d  by  petu'l'g  the  base  and  ite  oe’chlo'a'e  whose 
constants  ag»eed  with  tpose  of  !jpaci-.c*  ba-e  S'-’C  its  pc’ctdo'ate  base  a-  optuaiiy  active  crystalii-e  subsunce. 

[a  ]jj  -fiu.70*.  The  perchlo’iie  ivis  m  n.  212  2:3‘  [2  ]q  -^7.8*.  Found  '^u.  C  ol  05  51.09.  H  6  77.  7  10,  -u  8  26.  8.C.3 
HCIO^  Calcolited  C  51  65’  h  7  22  's’ 8  03  F’Oir  the  mother  liqvO.r  follow-rg  sewi-atior  of 

lupanlne  hyd'ochl  j  ide  no  pure  svbstances  couid  be  sepa’ated  . 

The  3'd  faction  was  d'ssolscd  in  200  nr-l  acetone  To  *hc-  sobjtion  was  idd-id  a  satxareo  a!cc^noUc  solution 
of  picric  acid  until  liie  'cactiO'  was  acid  rrystalli'^c  isoleonti'-e  p'c'ate  came  <lo»n  was  fiiuired  off  and. ext'ac'ed 
with  boiling  acetone  (twice  wi’n  iro  ml  each  time  -leid  75  g  fm-ely  c'ystalU'-e  oowde*  w.,tn  rr  p  i77  179*  no 
other  pure  alkaloids  could  be  Isolated  i  om  'be  mouie'  liquors  fullowL.'g  sepa'ation  of  iscieo^.n-e  pic*ate. 

The  fooith  f.-actior  was  dissolved  in  ICC  mi  acetone  To  t.ne  soivno"  was  g'Sflually  added  alcoholic  HCl  unt.’.l 
acid  to  Congo  A  white  r'yst^llLr/e  p'ecipitate  of  a  ryd'ocMo-ide  -as  thus  obtalneo  (31  7  gy  p  ;l’oip  alconol) 

310  311*  No  depression  in  aOiMxture  with  leonr.dint  nyd’ochlorlde. 

Pteparation  of  laspine  Afte-  recysiwllization  ffom.  boi  wsTc  (1  400;  L?sptr»e  s;if*'.<*  '•?s  L~  the  fo’m  of  thi'., 
white  needle*  which  charted  at  above  360*. 

3  110  mg  subsunre  6  33'.  mgrOi  !  ISI  mg  h,0.  3  808  mg  s.hsl»%ce.  '■  731  ngC-h  1  770  mg  rt,0.  8.320 
mg  substance  0  241  ml  N,  (2  .. 5  728  mm)  6  2'j5  mg  substance.  0.255  ml  %  ^  rrrr^  8.2  <5  mg  S!.bstance; 

0.26t;  ml  S  (23  5*  727  mm)  5  325  mg  sjbsta.nce  1  520  mg  ftaSO^  (C.i*ljs)  1C  56o  mg  s.Hs's  re  2  C-C  ml  0  01  N 
Na|S^(%  ^Celman)  Found C  55. 55  55.3’',  H  5  33  .  5  2  0,  N  3  18  3  3  9  3.01,5  3  92,  3  99  0  5H,S0^  h^O 

Calculated  C  65.04  H  6.08,  n  3  20:  5  3.67. 


/ 
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230  irg  laspine  sulfate  was  mixed  with  200  ml  10^  ammonia  soluuon  and  the  base  exhaustively  extracted  vrith 
chlo:ofo:m  Afiei  distilling  off  the  solvent  to  a  small  volume,  acetone  was  added  to  the  residue.  *he  base  came 
dow"  I'l  the  form  of  iLnc  white  needles  which  quickly  yellowed.  Yield  175  g  taspinc  base  (0.12^  of  the  wei^t 
of  the  pUrt)  After  crystallization  &om  toluene,  the  base  melted  at  370*.  Taspine  is  insoluble  In  water,  soiutions 
of  caustic  alkali  and  ammonia,  alcohol  or  acetone;  it  dissolves  in  chloroform  and  dichloioethane.  TTie  salts  with  in.- 
O'lgarJx  acids  have  ext:ao'dina:ily  poor  solubili^  in  water.  The  alkaloid  is  optically  inactive. 

3.016  mg  s.bstance  7.171  mg  CO^;  1.346  mg  H*0.  3.809mg  subsuncc;  9  103  mgCC^;  1.736  mg  H,0. 

3  689  mg  subsunce  8  788  mg  CO,.  1.668  mg  HiO.  6.050  mg  substance:  0.213  ml  N,  (24*.  736  mm).  7.385  mg 
Substance  0,243  ml  (21*.  738  mm).  9.000  mg  substance:  0.318  ml  Nj  (25.5*.  727  mm),  9.485  mg  substance: 

15  10  ml  0  02  V/  NajS^O,,  8.555  mg  subsunce.  13.78  ml  0.02  N  Nat%0,.  7.897  mg  substance:  12.54  ml  0.02  N 
vaAOj  Pound  i  C  64  85  65.17,  6^.97;  H4.99.  5.10.  5.06;  N  3.92,  3.T4,  3.86;  (XH,  16.78,  16.66;  N<C^%),  ll.ba. 

Calculated  %  C  65.04:  H  5.18;  N  3.79,  20CH,  16.80;  N(CH|),  11.92. 

Taspinc  metfrOiodide  0.5  g  taspine,  20  ml  methanol  and  1  ml  methyl  iodide  were  boiled  on  a  water  bath 
fo*  4  hou  s  Dur.ng  t.nis  peiiod  the  solid  changed  from  light  and  voluminous  to  heavy  and  dense.  Crystallization  from 
water  (1:750)  gave  0.59  g  methiodide  in  the  form  of  colorless,  small  needles. 

3.815  mg  s^bsti'xe  G.C96  mg  COj.  1.715  mg  H,0.  3.481  mg  subsuncc.  6.105  mg  C(^;  1.500  mg  H|0. 

7  COO  rrg  substar-ce  0  163  ml  \  (24*.  728.5  mm).  5  202  mg  substance:  6.0  ml  0.02  N  "^ajSiQj;  5  2  02  mg  subsUnce: 

7  98  ml  0.02  Pound  ‘S>  C  47  87,  47.83;  H  5  03,  4.82.  N  2.57.0CH,  11  92.  .N(CH^,  11.4.  CH*!  • 

H,  3  C-  .Culitcd ‘It  C  47  65,  H  4.57.  N  2.64,  2CX:H^  11.82,  N(CH5),  11.15. 

_Alk5^t*'e  h) d_ oly of  u spine^  0.4  g  taspinc  base  was  boiled  fo’’  15  minutes  with  70  ml  0.!  N  NaOri  solution: 
tjsse  g  -idu^lly  we  *  L'*^o  solytio'"..  Acidification  of  tire  cooled  solution  with  sulfuric  acid  until  the  reaction  was  acid 
to  Congo  esuited  in  p-ecipitation  of  fine  white  crystals  of  amino  acid.  The  preclpiutc  was  filtered  eff,  cry  suUlzed 
f'om  acetic  acid  soio’^lon  a^'d  dried  in  vacuum  (8  mm)  at  83*.  Tlie  sabsUnce  was  soluble  in  solution*  of  caustic 
alj-.i-U  i'-d  imiriO'iia  m'd  -is  not  exi’acted  ro.m  these  solutions  by  organic  solvent  a'td  was  liot  b'ought  down  by  saturated 
ci'bon  d  oxide  solvtio" 

3  159  rrg  s-btrance  6  8C2  mg  C(%,  1  61-;  mg  H,0.  4,122  mg  subsUrxe.  8.900  mg  Cf\,  2  247  mg  H,0, 

C  340  n-g  s.bSL^xe  9  196  ml  [22  736  mm)  Found  C  59  24,  58.89,  H  5  72,  6.10,  .N  3.46.  C,4Hi^O-N  •  HiO. 

Calc'.lateo  *50  '  59  2C  -15.71  ^  3  45 

Tne  $vDs*j,'ce  we'  t  ‘.''to  solution  when  heated  with  sulfuric  acid  solution  on  furthe.*  heating  ar.d  boiling 
tasp're  s^lf^tc  p  ecipitated.  insoluble  in  solutions  of  causuc  alkalies  and  ammonia  Tl-«e  usplne  s-Jfate  was  mixed 
witn  loffc  orrjvo^u  solution  and  the  base  was  extracted  with  ehlotofor.m.  The  chlo'ofo-m  was  driven  off  and  the  base 
er  >;*3llized  f  om  Toluene 

'ound  'Va.  C  65  22  t.5  u3.  H  5  41.  5  35.  N  4  02.  3  87.  Calculated  ‘Jo.  C  C5  04,  H  5  18.  N*  3  79. 

g  leontidme  hydfocnlor.de  was  dissolvea  in  a  small  quini.ty  of  watcf  Pne 
sol  .tio.-.  wii  n'.-de  witl;  4.r‘>a  MOH  solutio'i  and  the  base  repeatediy  exi'nc’cd  with  e»r»e»  Ine  ettic'cal 

e.xfift  wnsO’ied  with  »->-.vd’Oii«  sodium  Solfaie  and  the  solvent  completely  feinovcd  The  resid  e  was  132  g  viscous, 
lignt-yeilow  Oil  wnicr.  cryst.illized  on  standing  Afiei  two  recrystjlhzaiioTs  f'Om  a  mixture  of  benzene  and  eihct 
(1  4,  to'*  d  base  mclfed  at  118  119*. 


C  1737  grvbsti'ce  10  ml  methyl  alcohol.  1_1  dm.  0^-3  34'';  [a]Q-192  2*  3.107  mgsubsu-'ce  8.281  mg 
CO.  2  142  mg  H  3  3  09s  ii'g  s^bsu*  ce  10  639  mg  CO,.  2  900  irg  4.-0  4.7  '.6  mg  substa’  ce  0  490  ml  ;21  740  inm; 

’  28  irg  s  bgi'ce  C  '.v8  ii’!  (23'  734  mm)  0  4234  mg  substance .  18.29  ml  0  1  hC  1  ^mefpyl  'cd^  0  4299  mg 
sybs»i-cc  IS  "0  ml  C  1  ’•  t^CKmethyl  red)  found  ‘Ju  C  72.73.  72  62.  H  7  71,  8  11.  ••  11  82  11  73.  equiv  231.4  229  8 
"  C slc.jlafed  “Jb  r  73  0  H  7  88.  N  12.17.  cquiv.  230.2 

'.^opfidre  nyd'oe*-]  JMde.  A  cry'siallinc  pfecipltate  was  formed  on  mixing  alcoholic  solutions  of  leontidUe  *ad 
nyd’ochiO'ic  acid  h'.p  of  nyd’ocljo'ide  310  311*(afief  ’ec’ystalllzation  from  alcc.bol) 

3  7  ,3  mg  Sobsti*ce  8  1C3  mg  CO,.  2.641  mg  H,0.  3.923  mg  substance.  8. 557  mg  CG^  2  069  mg  HjO.  5.146 
mg  a.br.ance  0  450  ml  S,  (23*  7^1  mm)  8.1C9  mg  substance.  5  85  ml  0.01  N  H,SO,  (Kjeldaru). 7.854  mg  subsUnce. 

3  9C0  ml  0  1  %  Ag‘.Oj  7  460  mg  subsUnce.  3  847  ml  0.1  N  AgPiO,.  Found ‘Jt.  C59.51  59  52.  H  7.60.  7  61.  N  9.74; 
lo  02  Cl  12  48,  12  75  Ci^H^.OS,  HCl  •  -4,0  Calculated  lb.  C  59.04,  H  7.43:  N  9.84,  Cl  12.45, 


G2  g  Isoieontinc  pic**te  wii  reared  with  an  18^  solution  of  HCL  The  separated 
picric  acid  was  iiiie’cd  off  and  wished  with  dll<>te  hydrocblaic  acid.  T'Wj  filtrate  and  the  wash  liquor  were  extracted 
with  ether  until  Uic  whole  of  the  pic’ic  acid  was  removed.  The  acid  solution  was  cooled  with  ice,  made  alkaline 
with  ^«aOH  solution  and  exhaustively  extt  acted  with  ether.  The  ethereal  extract  was  dried  with  anhydrous  sodiuna 
sulfate  and  evaporated  down  to  a  small  volume.  C’ystalline  isoieontinc  came  down  (24.3  g).  Two  crystallizatioiu  from 
ether  gave  20  g  isolecruine  in  the  form  of  small,  colotless  crystalline  needles  with  m.p.  107^108*. 

0.4318  g  siihs. .  3. 1  ml  abs.  alcohol,  ]_0.5  dm;  -5.45*i  “  78.2*. 

3.940  mg  scbsia^ce.  30.458  rrg  CO^,  3.350  mg  H^O.  4.062  mg  Substance.  10.810  mg  CO^i  3.422  mg  1^0. 

5.338  mg  substance.  0.517  ml  N,  (21  6*.  734  mm).  5.327  mg  subsutice.  0.517  ml  (21.5*,  734  mm),  found  Tfe: 

C  72.44,  72.62,  H  9.51,  9.43;  N  10.83,  10.85.  Cul^^ON,.  Calculated  <%.  C  72.55i  H  9.74;  N  11.28. 

IsoleontlM  base  is  easily  soluble  in  water  and  ii>.  all  common  organic  solvents  except  hexane  asd  ligroijtf. 

prepared  by  adding  a  satu.r.ced  aqueous  solution  of  magnesit*m  pe:xhlorate  to  a 
solution  of  isoleontlire  In  5^  HCl.  Aftei  *ec:ysJalll2atior  horn  water  it  melted  at  252'  (with  decomposition). 

3.405  mg  substance.  0  249  ml  (20*  742  mm).  6.023  rog  s>ibstance.  0.422  rag  Is*  (18*,  742  mm). 

Found  ‘51s:  V  8.32,  8.02,  C  /  .HCIQ4.  Calculated  %  N*  8.03. 

Jsoleorjj-rie  me^^i^id^  To  *  sQlutio.n  of  lsoleonti^>e  in  acetone  was  added  methyl  iodide.  Cxystalline  Isoleontine 
methiodide  came  down  on  sia^d.Lng  Afmr  c'ystallization  from  alcd.'  ol  il  3)  it  melted  at  297*  (with  dec  ore- position). 

4.035  mg  Sibstince  6.33  ml  0  01  3.944  mg  substance;  6.06  ml  0.01  N  Fouird  1  33.20, 

32.51.  CjH^Os  •  C.H.;.  Calculated  <5^.  1  02.51. 

Hydrogenation  of  leoTTiidinc  6  g  leontidine  with  m  p.  118-119*  was  dissolved  in  330  ml  1  N  HQ;  to  the 
solution^ was  added  2  27  g  pUilnuip  oxide  and  the  whoie  shaken  in  a  hydrogen  atmosphere  under  a  small  pressure. 

After  2  y  hoars  2.6  liters  riyd'oge'  r<.?d  been  absorbed  (4  2  moles),  ar*d  the  absorption  was  concluded.  The  catalyst 
was  thercupcp  filic'cd  off  3'*d  the  solution  ms^de  aikaline  with  4C'‘'i9  NaOH  solution  a^id  exhaustively  extracted  with 
ether.  The  ethe'cal  c.xfact  wasd'ied  with  anhydrous  sodium  suii'ate  at^d  the  solvent  completely  driven  off.  The 
residue  of  5,6  g  llgut  yellow  cil  was  •eutallzed  with  5[‘15>  sulfa’ic  ?cid  »luUo!’  (bromotbymol  olue  Irvlicator),  the 
volution  was  filtered  s’’d  to  the  filt’STe  was  added  a  sato’'ated  solutiof'  of  K.l.  The  crystalline  monohydroiodioe 
immediately  came  down  (4  6  g;  Rec’ysuJiiiSriOf'  horn  watei  Cv«ve  4.1  g  of  a  white,  lusyous  c  ystallirre  pov  dei 
which  melted  at  219220* 

0  1858  g  suPstance  3  ml  aicoriol  1_0  5  dm;  +  0  32’,  +  10.33*. 

LcoMidane  base  j  H  c  if  "  i  jpo'cn, ■J:o  odidt  was  dpOiVt-.a  >  '  wate'  a~d  e»f  of  4<f!c  N€>OH  added  The 
alkalire  solutto*  was  ly  t'^r-a  ‘eo  wt''.  ef*',  '.hr  e>’:d’  was  d*  «.c  w.*:  a"r.yc*o-S  s:»j;arr  sulfa-e. 

a:'d  the  etV.e'  <  oirpie'eiv  dvvf  of‘  *0  ledV-i  7  5  a  of  iiq-.d  leo^*  da'e  case  T^is  d  stiis  rr  vacuuir  at  iai-i44 
(5  irrr)  The  base  d’s;j*vcs  eadtjv  i--  ah  rororro'^!  ov,«'-c  so  ve'ts 

I_0  5  dm.  4^-3  SK’  fa  JD  -7  76  ^w:ir.Oul  sohent).  0  3028  g  subs. .  o  ml  alcohol.  1  0.6  dm  flp  0.5*; 

[a  Ip  +  1C.5 

3  696  mg  subs  10  0Cr2  mg  C5\  .  3  5;3  mg  H  O  ;  332  n!g  s.,bs  12  051  trg  CO. .  1  212  mg  HiO.  6  308  mg 

subs  0  729  ml  S  (21'-  -734  mm;  6.637  mg  s,bs  0  7J6  ml  S  (21*  734  mm),  .d  ‘5’o:  C  75  91.  75.91; 

H  ll  02  10  88  *v  12  90  13  12  C  C  4lcula»td  C  76.32.  H  10.98  12  72. 

Lcontlda^'c  sijlfate  0  6  g  base  was  dtssolved  in  1  ml  absolute  alcoool  and  lO'vo  s-lfw^Ic  .acid  solution  In 

absolute’al^oi'waTVdcIcd  until  »he  »eact:on  was  acjd  to  cor.go.  Additio.n  of  a  small  iir-oont  of  acetone  b'-ought  down 

white  crystals  wliich  dehqocsced  in  the  aO.  M.  p  229  230*. 

0. 1638  g  subs  3  ml  alcohol ,  0  6  dm  a  p  *  0  6. .  [a  3p  +  1 9  5*. 

LeontiJa'c  dlh^'oiodido  M'xing  of  alcoholic  solut.'ons  of  tne  base  and  hyd’.odk  ac.d  (4«.-d  'eaction  to 
Congo)  caused  a  crystalline  p’ecipttate  to  appea  .  A‘’tf  c.’yst^ilizatior'  f  om  akohi'd  the  sa  t  melted  .si  268  (wllD 
decomposition) 

4.802  mg  subs’- .,.-11 1  12  ml  0  02  .^  ^■a  S.O,  '•  200  mg  v.O'tarce  «  16  rri  0.02  -*  a.S 

Found  ‘yo.  ,  53  84,  63  95.  C  ./nLaN  <-  ■■■  C  j1' nl  I'ed  ^  .  54. d 
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pcch^rajc  was  piepaied  by  adding  raagnrsiuin  pcichlurate  to  a  solution  of  the  oase  In  5^  sulfuric 
acul.  M«p.  (froir  9^  alcohol)  234*. 

0.1547  g  Sbbs  3  ml  water.  10  5  dm;  ♦  0.53*;  ♦20.55* 

5  201  irg  subs  :  0.283  ml  Nj  (17.5*.  734  mm).  5.139  irg  sub*.:  0.295  ml  Sg  (18*.  733  mm). 

Fourd  H;  N  6.18,  6.49,  •  2HCIO4.  Calculated  1b:  N  6.67. 

Hyd*ogenatio>'  of  isolcontine.  1.8  g  Isolcontine  (m.p.  107-108^  was  dissolved  In  100  ml  1  N  HCl  solution 
aTd  0  86  g  platinum  oxide  was  added.  On  shaking  in  a  hydrogen  atmosphere  for  14  hours,  310  ml  (1.9  moles) 
hyd’oge^  was  taken  up.  At  the  te^’mination  of  hydrogenation  the  catalyst  was  filtered  off  and  the  solution  made 
Ukalire  with  NaOh  soluUoo  acd  exhaustively  extracted  with  ether.  The  extract  was  dried  with  solid  KOH 
and  tfte  solve’’t  dtlveo  off  to  leave  1.65  g  yellowish  crystals  with  m.p.  68-72*.  After  two  crystallizations  from 
ether  (1.3)  the  base  melted  at  77-:8.5*  Rsadily  soluble  in  water  and  alcohol,  less  soluble  in  ether  and  acetone. 

0  1634  gsubs.  3  05  mlabs  alcohol- 0-^ «D  "0  81*=  [«]u-30.1*. 

4.091  mg  s  ibv  .  11.559  mg  CO^.  4.001  mg  HjO.  3.709  mg  subs..  10.453  mgCO,  3.699  mg  H,0. 

4  830  mg  .ubs  0.487  ml  .S|  (23*.  748  mm).  4.865  mg  subs  .  0.500  ml  Nt  (23.5*.  732  mm). 

FOurd  1).  C  77  11.  76.91.  H  10.94,  11.15:  N  11.44,  1L40.  Calculated  %  C  76.85;  H  11.19,  N  11.95. 

IsoleoTta^  pic  rate  was  prepared  by  mixing  alcoholic  solutions  of  the  ba:*  and  picric  acid.  Mp.  256*  (with 
decomp)  if’e”  crystallization  ^om  1: 1  alcohol -ace  tone. 

~soleo''tar<  hyd’ochlo-lde  Prepared  in  the  form  of  slender  needles  by  adding  alcoholic  HCl  to  an  alcoholic 
solution  of  the  b:.,e  urtU  the  reaction  was  acid  to  congo.  After  crystallization  from  acetone-alcohol  (1:1  mixture) 
j 'd  d.-yf'g  i*  105'  the  hydrochlo-ide  melted  at  368*  with  considerable  sublimation. 

0  iT09n-as.ns  b  m,  ilcohci;  l_0.5dir:aD— 0  42*1  [aiD"i4.'"’;  3  SGOrngsubs.-  7.959  mg  CO,;  3.291  mg  H,|0;4358 

Subs  E  y43  mg  COi .  3.619  mg  H,0.  4.389  mg  subs. .  0  C42  .ml  Ni  (22  *,  7T3  mm).  6.351  mg  subs. :  0.488  ml 

V-  (22*  733  inm).  7.630  mg  subs. ;  6.817  ml  0.1  N  AgNO^  7.945  mg  subs..  6.955  ml  0.1  N  AgNOy. 

Found‘5;  C  56  27.  56.00,  H  9.5-5,  9.29;  N  8  70,  8.58,  Cl  22.10,  21.66.  C,,Hj,N,*  2HC1  '  H,0.  Calculated 

C  55  36.  H  9  29  ‘-8  61,  Cl  21  80. 

!so;^or.T»  -e  irethiocide.  To  a  solution  of  the  base  ir  acetone  war  added  kleL  On  sund.ng,  a  crystallLne 
p  er  ipiti’e  acp^s'cd  wrucn  melted  (f'om  'Icfijo  alcohol)  at  292*  (with  decomp.) 

ClC93gs.bs  2  9  ml  wate’.  j^O.5  dm,  flp  — 0  1*.  -6  3*. 

SUMMARY 

1  A  alkaloid  With  the  composition  named  taspine.  was  isolated  fiorn  Eversrnannii  bge 

2  A'  i'.ki'Oid  '  ^Ov  was  isolated  which  diffe’-s  f’O.Ti  ieon:;'>e  in  optical  acti\ity  and  was  named 
‘iolec.-ti^e 

.3  Tr.e  -l^^loid  leo-,tid:iH:  was  I'ourul  to  have  the  composit.on  C  a-d  not  C 

4  F.'?rr  leo'tid.  c  f  .,H  ina  isolcontine  were  .p*epa'ed  the  b>-d’ogc’'  f-ce  s»fu’arcd  cbm 

po-i'ids  leo  *iOi-e  •:  j  .3  iscleomane 
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